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SUMMARY

Human immunodeficiency virus (HIV) and malaria are two major infectious 

diseases causing significant morbidity and mortality worldwide. The two have 

overlapping geographical distribution in sub-Saharan Africa, where over 90% of 

the world malaria burden and 68% o f the global HIV burden occur. Infection with 

HIV increases risk o f malaria infection Severe malaria and death occur with 

higher frequency in HIV-infected individuals. There has been a roll-out of 

antiretroviral therapy (ART) for HIV treatment and artemisinin-based 

combination therapy (ACT) for malaria treatment. To facilitate ART scale-up, 

less expensive generic ART formulations are widely prescribed. While these 

facilitate rapid scale-up, their quality and bioequivalence need to be monitored to 

ensure long term success o f ART regimens.

Highly active ART is a combination of at least three active antiretroviral drugs 

from at least two different pharmacological classes. Combination therapy has 

potential for pharmacokinetic drug-drug interactions which may result in high 

plasma drug concentrations causing excessive toxicity or sub-therapeutic 

concentrations leading to treatment failure with risk for development o f 

resistance. Treatment o f HIV-malaria co-infected patients receiving ART with 

ACT creates potential for drug interactions. This thesis presents a series o f 

intensive pharmacokinetic studies evaluating the pharmacokinetic profiles and 

drug interactions o f some ART and artemether-lumefantrine (AL) which is the 

first-line ACT in Uganda and a description o f the pharmacokinetic profile and 

clinical response to intravenous (IV) artesunate.

The first study was a comparison o f the pharmacokinetics o f  generic and branded 

ART in a cross-over study o f 16 HIV-infected participants. Participants received 

both generic and branded formulations o f stavudine, lamivudine and nevirapine. 

Intensive blood sampling was performed and drug concentrations measured. 

Pharmacokinetic profiles o f generic and branded drugs were similar and patients 

tolerated both formulations very well. The second study was a two-arm parallel 

study o f 16 HIV-infected ART naive and 16 HIV-infected adults stable on LPV/r 

400/100mg to compare the pharmacokinetics o f AL when administered alone and 

in combination with LPV/r. Each participant received a single dose o f AL 

80/480mg. Intensive blood sampling was performed and plasma concentrations o f
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artemether, dihydroartemisinin and lumefantrine measured. Co-administration o f 

AL with LPV/r significantly reduced artemether exposure while lumefantrine 

exposure was significantly increased.

The third study was performed to investigate the cardiac safety o f co­

administration o f AL with LPV/r. No cardiac conduction abnormalities were 

detected during co-administration o f LPV/r with AL. The fourth and fifth studies 

were performed using a cross-over study design among HIV-infected adults to 

investigate interactions between AL and efavirenz or nevirapine. Each participant 

received standard six-dose AL before and at efavirenz or nevirapine steady-state. 

Intensive sampling was performed and artemether, dihydroartemisinin, 

lumefantrine, efavirenz and nevirapine concentrations were measured. Co­

administration o f AL with efavirenz or nevirapine significantly reduced 

artemether and dihydroartemisinin exposure. Lumefantrine esposure was 

significantly reduced by efavirenz but non-significantly reduced by nevirapine. 

Efavirenz exposure was not affected by AL while nevirapine exposure was 

significantly reduced during AL co-administration. The last study was a 

description o f  the pharmacokinetic profile and clinical response to IV artesunate 

during treatment o f severe malaria. Serial malaria blood smears were collected 

and parasite density measured till clearance. Intensive sampling was performed 

and artesunate plus dihydroartemisinin plasma concentrations measured. Patients 

promptly attained therapeutic concentrations o f artesunate and 

dihydroartemisinin, with very rapid parasite and symptom clearance. Our data 

supported the use o f  generic Triomune® for HIV and artesunate for severe 

malaria treatment. Co-administration o f AL with LPV/r significantly decreased 

artemether exposure but increased lumefantrine exposure. Co-administration of 

AL with efavirenz or nevirapine significantly reduced AL exposure and AL 

significantly reduced nevirapine exposure. These interactions which are likely to 

result in treatment failure warrant urgent attention.
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PREFACE

HIV and malaria are leading causes o f morbidity and mortality worldwide. In 

the last decade, significant effort has been put into scaling up ART for HIV 

treatment and ACT for malaria treatment. As we scale up treatment, the great 

challenge is to ensure long-term success o f the regimens. The increased risk 

for infections such as malaria in HIV-infected individuals requiring 

concomitant treatment creates several challenges such as increased pill 

burden, synergistic toxicity and pharmacokinetic drug interactions. Drug 

interactions resulting in sub-therapeutic concentrations are a risk for treatment 

failure and resistance. There is paucity o f data on the drug-interactions of 

ART and antimalarial drugs yet they are frequently co-prescribed.

The over-arching objective o f this thesis is to investigate and provide 

pharmacokinetic data essential to the safe rollout o f life-saving ART and ACT 

by examining drug concentrations in vivo at steady state. Studies presented in 

this thesis are derived from questions that health care providers are faced with 

during routine clinical care o f patients. Chapter 1 consists o f  relevant literature 

review on HIV and malaria with special emphasis on challenges o f treatment 

of co-infections. Chapter 2 is a comparison o f the steady-state 

pharmacokinetics o f generic and branded formulations o f stavudine, 

lamivudine and nevirapine in HIV-infected Ugandan adults. Chapter 3 

compares artemether-lumefantrine pharmacokinetics when administered with 

and without lopinavir/ritonavir in HIV-infected patients. Chapter 4 is a 

presentation o f the cardiac safety profile o f co-administration o f LPV/r with 

AL. Chapter 5 and 6 are comparisons o f the pharmacokinetics o f AL, 

efavirenz or nevirapine when administered alone and in combination. Chapter 

7 provides a description o f  the pharmacokinetic profile and clinical response 

to intravenous artesunate during treatment o f severe m alaria in Ugandan 

adults. The final chapter is a discussion o f the clinical relevance o f the data 

generated from the six studies with recommendations plus research and policy 

implications.
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1.1 Overview of the global HIV epidemiology

Infection with the human immune deficiency virus (HIV) has been a global 

pandemic and major cause o f morbidity and mortality for over three decades. 

Despite significant progress made in preventing new HIV-infections; the number 

o f people living with HIV worldwide is still very high; estimated at 32.8 million 

(30.9 million -  34.7 million) (I). In 2009 alone, an estimated 2.6 million (2.3 -  

2.8 million) people became newly infected with HIV. The greatest burden o f HIV 

is in sub-Saharan Africa where 68% o f the global burden occurs with an estimated 

prevalence o f 5.2% (4.9 -  5.4%), translating into 22.5 (20.9 -  24.2) million people 

infected (1).

1.1.1 Classification, Structure, Transmission and Life-Cycle of HIV  

Classillcation

The HIV belongs to the genus Lentivirus, part o f the family o f Retroviridae, a 

family that causes the acquired immunodeficiency syndrome (AIDS) (2). This 

virus has the ability to infect its host chronically, and progressively damages 

the host immune system (3). Two viral species have been characterised in 

humans: HIV type 1 (H IV -l) and HIV type 2 (HIV-2). The HIV-1 is more 

virulent and more infective and has spread globally (4) while HIV-2 has lower 

infectivity and is largely confined to West Africa (5). HIV-1 is classified into 

groups; M, O and N. The vast majority o f HIV-1 strains belong to group M 

and have been classified into clades designated by letters A, B, C, D, F, G, H,

J and K.

The virus is spherical in shape with a diameter o f  80-100 nm (figure 1.0). It 

has a viral core or capsid made o f viral protein 24. Inside the core is viral 

genetic material, consisting o f two identical single strands o f  ribonucleic acid 

(RNA) and three enzymes (reverse transcriptase, integrase and protease) that 

are required for replication. A matrix composed o f  viral protein 17 surrounds 

the capsid (2) and all this is enclosed in an envelope. The envelope carries 

glycoprotein (gp) 120 which is non covalently linked to gp 41 which make up 

the spikes that project from HIV particles.

17



Figure 1.0. HIV structure
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HIV transmission and life-cycle

Transmission o f HIV to humans predominantly occurs through sexual contact 

(heterosexual and homosexual). Other routes o f transmission include; sharing 

drug injecting equipment, contamination o f blood supply for transfusion and 

perinatally from mother to child. The HIV has affinity for CD4 T cells and 

monocytes and only replicates inside human cells. The HIV life-cycle begins 

when viral gp 120 interacts and binds to a CD4 receptor and a co-receptor on the 

surface o f  a CD4 T lymphocyte. The viral gp l20  and gp 41 recognize the CD4 T 

cell ligand on host cells, bind to it and mediate entry into the cell. Upon binding a 

conformation change within gpl20  is induced which exposes co-receptor binding 

sites in gpl20. The co-receptors bind a host chemokine receptor either CCR5 or 

CXCR4 depending on whether the HIV particle is M tropic or T-tropic. M-tropic 

HIV recognize CCR5; infect macrophages and primary T-cells. These strains are 

called R5 viruses. The T-tropic viruses recognize CXCR4, which is highly 

expressed in CD4 T cells and induce fusion o f cells to create one large cell with 

many nuclei (syncitia). These strains are called X4 viruses. Viruses that use only 

the CCR5 receptor are termed R5, those that use only the CXCR4 termed X4, and 

those that use both are X4R5 and described as having dual tropism. The presence 

o f  R5, X4 and/or dual tropic virus together in one host is called mixed tropism. 

Upon interaction with gp l20  and the host chemokine receptor, gp41 binds to a 

host herparan sulphate, triggering fusion o f  host and viral membranes and 

permitting entry o f the viral capsid into the cytoplasm with release o f RNA into 

the host cell. Inside the host cell; the viral reverse transcriptase enzyme converts 

the single stranded HIV RNA into double stranded HIV deoxyribonucleic acid 

(DNA). The DNA is then integrated into the host cell’s nucleus by the viral 

integrase enzyme; this is referred to as provirus and it may remain inactive for 

long periods o f time. The provirus uses a host enzyme RNA polymerase to create 

copies o f  the HIV genomic material and copies o f  messenger RNA which is used 

to make long chains o f HIV proteins. The long chains are cut into smaller proteins 

by HIV protease enzyme to form new virus particles which are then assembled 

and bud out o f  the host cell to infect new cells (6). The HIV life-cycle is presented 

in figure 1.1.
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Figure 1.1. The HIV life cycle
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After infection with HIV, the course o f disease varies with individuals. 

Patients may experience the acute viral syndrome o f primary HIV infection. 

This acute stage is the time period from initial infection with HIV to the 

development o f an antibody response. It lasts an average o f 12 weeks and 

individuals may experience non specific symptoms such as fever, 

lymphadenopathy, pharyngitis, skin rash, myalgia, malaise, mouth and 

esophageal sores. Individuals in this stage usually have high plasma viremia 

and frequently a marked decrease in CD4 T cells. The CD4 T cell count later 

increases, normally to levels inferior to the pre-infection values.

Acute infection is followed by a latency stage during which individuals reach 

a point o f equilibrium between viral replication and the host immunity. 

Individuals may show no clinical manifestations o f HIV infection for years. 

Even without antiretroviral therapy (ART), this period o f clinical latency may 

last 8-10 years or more. However, during this latency stage there is high 

turnover o f the virus with destruction o f CD4 T cells.

Progression to AIDS which is the final stage may occur rapidly in some and 

more slowly in other individuals depending on host factors. Individuals with 

AIDS develop various opportunistic infections and malignancies. 

Constitutional symptoms such as fever, weight loss, night sweats, and diarrhea 

may also manifest. The risk o f acquisition o f many o f the AIDS-defining 

illnesses increases with CD4 T cell counts below 200 cells/|il (7). Figure 1.2 is 

a graphical presentation o f the natural history o f HIV/AIDS (7).
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1

Figure 1.2, The Natural History of HIV infection
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1.1.2 H IV ImmunoDathogenesis

The HIV primarily infects vital cells o f the human immune system such as 

CD4 T cells, macrophages, and dendritic cells. Following infection, chronic 

systemic immune activation, an almost pathognomonic feature o f progressive 

HIV infection occurs. Such immune activation is manifest in many ways 

including polyclonal B-cell activation, increased T-cell turnover and increased 

serum levels o f proinflammatory cytokines and chemokines (8-9). Immune 

activation results in detrimental effects to the immune system with high 

turnover o f CD4 and CDS T cells (8-9). Destruction o f infected CD4 T cells 

by CD8 cytotoxic lymphocytes, increased rates o f  apoptosis in infected cells 

and diminished production o f interferon gamma and tumor necrosis factor 

alpha result in depletion o f CD4 T lymphocytes and diminished T helper 1 

and T helper 2 responses. Depletion o f T helper 2 response prevents B cell 

activation with resultant humoral immunodeficiency while T helper 1 

deficiency causes impaired cellular immune response and impaired killing o f 

intracellular pathogens.

Chronic immune activation results in inflammatory damage to lymphoid 

tissues with transforming growth factor-beta mediated fibrosis of lymph nodes 

and thymic dysfunction (10-11). These effects are associated with abnormal 

retention o f effector type T cells and poor immune reconstitution with 

antiretroviral therapy (ART). Immune activation drives viral replication by 

generation o f activated T cell targets which the virus can infect. Constant 

damage to the cellular sources and anatomical niches o f CD4 T cell 

compartments caused by interplay between the virus and the immune system 

further exacerbates the progressive loss in CD4 T cell numbers and function 

and inevitably leads to AIDS. W ithout ART most people will progress to 

AIDS within 10 years o f HIV infection. ART delays progression to AIDS and 

increases life expectancy o f people infected with HIV. Death is mostly a result 

o f opportunistic infections or malignancies associated with progressive 

immune system failure (9-10).

23



1.1.3 Antiretroviral therapy

The discovery o f  ART was a major milestone in the history o f medicine that has 

significantly reduced HIV related morbidity and mortality. Highly active ART is a 

combination o f  at least three active drugs from at least two different 

pharmacological classes. Combination therapy offers potent suppression o f viral 

replication while preventing emergence o f drug resistance and progression to 

AIDS and death.

Combination o f  drugs from the same pharmacological class such as triple 

nucleoside regimens has previously been prescribed. Although triple nucleoside 

regimens play significant role in dose simplification and are associated with more 

favourable lipid profiles, they are associated with decreased antiviral efficacy 

( 1 1 ).

There are over 20 drugs available for treatment o f HIV (Table 1.0); broadly 

classified into 5 classes according to the mechanism o f action and the phase o f the 

retrovirus life-cycle that they inhibit. The 5 classes are nucleoside/nucleotide 

reverse transcriptase inhibitors (NRTIs/NtRTIs), non-nucleoside reverse 

transcriptase inhibitors (NNRTIs), protease inhibitors (Pis), integrase inhibitors 

and entry inhibitors.
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Table 1.0. Antiretroviral drugs approved for use

Class NRTIs/NtRTIs NNRTIs Pis Integrase Entry inhibitors
inhibitors Fusion

inhibitors
CCR5
antagonists

Mechanism  
of action

Competitive inhibition o f HIV 
reverse transcriptase enzyme

Non-competitive inhibition 
o f HIV reverse transcriptase 
enzyme

Inhibition o f 
HIV protease 
enzyme

Inhibition of 
HIV integrase 
enzyme

Inhibition o f 
viral membrane 
fusion

Inhibition o f 
HIV-co receptor 
binding

Drugs Zidovudine
Stavudine
Didanosine
Lamivudine
Abacavir
Tenofovir disoproxil fumarate 
Emtricitabine

Nevirapine
Efavirenz
Etravirine
Rilpivirine

Saquinavir
Indinavir
Ritonavir
Nelfinavir
Lopinavir
Atazanavir
Fosamprenavir
Tipranavir
Darunavir

Raltegravir Enfurvitide Maraviroc
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Nucleoside/nucleotide Reverse Transcriptase Inhibitors

The NRTIs and NtRTIs are analogues o f naturally occurring deoxynucleotides 

needed to synthesize viral DNA. They inhibit the reverse transcriptase enzyme by 

acting as false building blocks for DNA synthesis. They differ from physiological 

nucleosides by a minor modification in the ribose molecule. They are 

administered in inactive form and converted to the active metabolite after 

endocytosis by phosphorylation catalyzed by cellular kinase enzymes (6). 

Addition o f three phosphate groups to the deoxyribose moiety o f NRTIs forms 

NRTI triphosphates. Tenofovir disoproxil fumarate is the only NtRTI available. It 

contains a phosphonate group attached to the adenine base, thus only two steps 

are required in its phosphorylation. The phosphorylated forms compete with the 

natural deoxynucleotides for incorporation into the viral DNA chain. 

Incorporation inhibits formation o f phosphodiester bridges to stabilise the DNA 

strand thus preventing viral DNA synthesis and elongation (7). The NRTIs 

include; zidovudine, didanosine, stavudine, lamivudine, abacavir and 

emtricitabine.

Non-nucleoside reverse transcriptase inhibitors

The NNRTIs inhibit reverse transcriptase enzyme by binding directly and 

noncompetitively to the enzyme at a position in close proximity to the 

substrate binding site for nucleosides. The interaction o f NNRTIs with reverse 

transcriptase induces conformational changes that impact the catalytic 

activities o f the enzyme. The resulting complex blocks the catalyst activated 

binding site which in turn, can bind fewer nucleosides, slowing down 

polymerization significantly (7). Nevirapine, and efavirenz are the older 

NNRTIs. Tolerance and cross-resistance easily occurs with these older 

NNRTIs because o f a single amino-acid substitution in HIV-1 reverse 

transcriptase which can result in pan-class cross-resistance. Newer NNRTIs 

are now available including; etravirine and rilpivirine with rilpivirine being 

the newest drug recently approved by FDA (6, 12).

The next section reviews the pharmacology o f the NNRTIs (nevirapine and 

efavirenz) which are some o f the ART that make up the subject o f this thesis.
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Nevirapine

N evirapine w as the first N N R TI to be licensed  for use in the treatment o f  

HIV-1 infection. It is used as part o f  com bination therapy w ith 2 NR TIs. Its 

chem ical form ula is C 15H I 4 N 4O w ith m olecular w eight o f  2 6 6 .3 0 2  (13). The 

chem ical structure is show n in figure 1.3.

N evirapine is available in tablet and suspension  form ulations for oral 

administration. Its absorption is not affected by food , acids or alkali and more 

than 90%  o f  the administered dose is absorbed (13). It ach ieves bioavailability  

o f  more than 90%. A bout 60%  is protein bound (14-15). The steady-state 

m axim um  and m inim um  concentration (Cmax and Cmin) after continuous 

adm inistration o f  daily adult doses are 7 .2  and 4m g/I respectively. The median  

tim e to m axim um  concentration (Tmax) is 4  hours and the elim ination half-life  

(T 1/2) is 2 5 -30  hours w ith mean apparent oral clearance rate o f  4 4 -52  m l/kg/h. 

N evirapine is distributed throughout the body w ith a vo lum e o f  distribution  

(V /F) o f  1.36 I/kg (13). It is biotransform ed by cytochrom e (C Y P) 3A 4 and 

2B 6  and excreted via the liver and k idneys in the form o f  glucuronide 

conjugates o f  hydroxylated m etabolites (13). It is both a substrate and inducer 

o f  CYP 3A 4, and 2B 6  (14). A  summary o f  nevirapine pharm acokinetics is 

presented in table 1 . 1 .

Tolerability to nevirapine is relatively good  for majority o f  patients (16). The 

adverse event m ost com m only observed is a hypersensitivity rash, occurring 

in about 16% o f  patients with about 7% experiencing grade 3 or 4 rash with  

the Steven Johnson syndrome. The rash is m ore com m on during the first 6  

w eek s o f  treatment (13). The second com m on adverse event is hepatotoxicity  

w ith elevated liver enzym es. Fem ale sex  and a high C D 4 T cell count are 

associated  w ith  a higher incidence o f  hepatitis arising from nevirapine- 

induced hypersensitivity (13, 17-18). N evirapine hypersensitivity occurs with  

more frequency in individuals w ith higher C D 4 counts (w om en  greater than 

25 0  and m en greater than 400 cells/u l). This association  betw een C D4 count 

and hypersensitivity reactions is seen in treatment naive patients. Patients 

already on treatment w ith efavirenz m ay not experience hypersensitivity  

reactions w hen sw itched to nevirapine.
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A new tablet formulation containing 400mg o f nevirapine is available for once- 

daily dosing. This is the nevirapine extended-release (XR) tablet. It was shown to 

be noninferior to the immediate-release tablet in treatment-naive patients and its 

safety and tolerability is as good as that o f the immediate-release nevirapine 

tablet. It is hoped that this formulation will enhance dosing convenience and 

adherence, however, it is not yet available in resource limited settings.
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Table 1.1 Pharmacokinetics of nevirapine, efavirenz, lopinavir, ritonavir, artemether and lumefantrine 
(with permission from Khoo et al. The potential for interactions between antimalarial and antiretroviral drugs. 
AIDS 2005, 9(10);995-1005.)

Drug Bioavailabilit>'
(% )

Protein
binding
(% )

Half-life Active metabolite Metabolism Excretion Potential for 
interaction

ART
Nevirapine 93 60 30 hours - Metabolized by CYP3A4 and 

2B6; inducer o f CYP3A4
Hepatic High

Efavirenz >99 35 hours - Metabolized by CYP3A4 and 
2B6; inducer o f CYP3A4

Hepatic High

Lopinavir Poor, given 
with ritonavir

98-99 5-6 hours Extensive metabolism mainly 
via CYP3A4; potent inhibitor 
o f CYP enzymes

Hepatic High

Ritonavir 98-99 3-5 hours Used to boost other Pis by 
enhancing bioavailability or 
reducing hepatic clearance 
through inhibition o f CYP 3A4 
in the gut or liver

Hepatic High

ACT
Artemether Good 95.4 1.4 hours Dihydroartemisinin CYP 3A4; induces CYP 

2C19/3A4
Hepatic

Lumefantrine Poor (<10%) 99.9 2-3 days Desbutyl- 
lumefan trine

Via CYP3A4 Hepatic
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Efavirenz

The chemical formula o f  efavirenz is C 14H9CIF3N O 2 and molecular mass is 

315.68. Its chemical structure is shown in figure 1.3. The drug is available as 

capsules, film-coated tablets and liquid formulation for oral administration. 

The recommended adult dose is 600m g once daily. Efavirenz has good oral 

bioavailability which increases when taken with food especially fatty food 

thus the recommendation to be taken on an empty stomach, preferably at 

bedtime to diminish possible neuropsychiatric side effects because 

administration with food enhances efavirenz absorption and increases the 

plasma exposure. (19-20). Efavirenz is highly protein bound (>99%), 

predominantly to albumin (20). The Cmax is achieved within 3-5 hours post 

dose administration. It has a long serum T 1/2 o f  up to 45 hours and reaches 

steady-state plasma concentrations in 6  to 10 days. After a 600m g dose; mean 

± standard deviation (SD) steady state Cmax, Cmin and area under the 

concentration-time curve (AUC) were 12.9 ± 3 . 7  |iM , 5.6 ±  3.2 jiM and 184 ±  

73 |xM/h respectively (19).

Efavirenz is extensively metabolized by CYP2B6 with partial involvement o f  

CYP3A4 and CYP2B6 to inactive hydroxylated metabolites that include 8 - 

hydoxy and 7-hydroxyefavirenz (15, 20). Hydroxylated efavirenz metabolites 

undergo subsequent urinary and biliary excretion after glucuronidation. 

Efavirenz is an inhibitor and inducer o f  several CYP enzymes; 2B6, 3A4, 

2A6, 2C9 and 2C19 and induces its own metabolism (20-21) plus that o f  co­

administered drugs metabolized by the same enzym es (20). A  summary o f  

efavirenz pharmacokinetics is presented in table 1 . 1 .

Efavirenz has good safety profile with minor side effects including; skin rash 

and neuropsychiatric events. These occur during the first few  days to weeks in 

about 40 -  50% o f  patients. Most o f  them resolve spontaneously. They may be 

severe enough to warrant discontinuation in 3% o f  patients. The rash is 

maculopapular, often o f  mild to moderate intensity (grade 1 or 2 ), occurring 

between the first and third week o f  treatment; with incidence up to 34% (19). 

It resolves spontaneously within one month or with treatment interruption. 

The incidence o f  grade 3 or 4 rash with Stevens-Johnson syndrome is only 

0 . 1% and once it occurs, treatment should be stopped immediately.



Efavirenz’ neuropsychiatric side effects include dizziness, insomnia, 

somnolence, impaired concentration, vivid dreams and nightmares. More 

severe events like severe depression, suicidal ideation, nonfatal suicidal 

attempts, aggressive behavior, paranoid and manic reactions seldom occur.

The neuropsychiatric events may persist until 3 months or even up to 2 years. 

Other less common side effects include; gynaecomastia, increase in 

cholesterol and triglycerides. Hepatotoxicity may occur especially in patients 

with chronic viral hepatitis (18).

Protease inhibitors

The Pis inhibit viral replication by inhibiting activity o f HIV protease enzyme. 

HIV-1 protease is an aspartic protease that cleaves both structural and functional 

proteins from precursor viral polypeptide strands. Inhibition o f this enzyme 

produces immature, non-infectious virions, thus preventing subsequent waves o f 

cellular infection (6). Drugs in this class include; lopinavir, ritonavir, saquinavir, 

indinavir, nelfmavir, amprenavir, atazanavir, fosamprenavir, tipranavir and 

darunavir. The Pis are metabolized extensibly by CYP3A4 and when 

administered alone, they exhibit poor bioavailability hence the need for 

pharmacoenhancement or boosting with ritonavir. Ritonavir is a very potent 

inhibitor o f CYP3A4 (21). Inhibition o f CYP3A4 decreases metabolism o f Pis 

with increase in their plasma concentration. Ritonavir is therefore used for 

pharmacokinetic enhancement o f Pis. This simplifies PI regimens by reducing the 

frequency and number o f pills taken daily (7). Ritonavir boosted lopinavir 

(LPV/r) is the most widely available PI in resource-limited settings and is 

discussed below.

Lopinavir/ritonavir

Lopinavir’s molecular formula is C37H 48N405, and its molecular weight is 

628.80. The chemical structure o f lopinavir is shown in figure 1.3. Ritonavir’s 

molecular formula is C37H 48N605S2, and its molecular weight is 720.95.

The chemical structure o f  ritonavir is shown in figure 1.3.

The fixed combination o f LPV/r was previously available as a soft-gelatin capsule 

formulation containing 133.3mg o f lopinavir and 33.3mg o f ritonavir (Kaletra®).
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This formulation required storage under refrigeration which was not ideal for 

resource limited settings. A new tablet formulation, stable at room temperature is 

available (Aluvia®), each tablet containing 200mg lopinavir and 50mg ritonavir. 

The standard adult dose o f LPV/r is 400mg/100mg twice daily in treatment 

experienced patients. A once-daily dosing regimen o f 800mg/200mg may be used 

in therapy-naive patients. At steady state, lopinavir is approximately 98% -99%  

bound to plasma proteins (15). A summary o f lopinavir and ritonavir 

pharmacokinetics is presented in table 1.1.

Both drugs are metabolized via CYP3A4 and primarily eliminated by the fecal 

route with urinary excretion accounting for <2% o f the eliminated drug (22). 

LPV/r inhibits CYP3A4 and induces several CYP enzymes; 1A2, 2B6, 2C9 and 

2C19 (21-24) resulting in significant drug interactions with CYP substrates. A 

major example o f such interaction is with rifampicin, a potent inducer o f CYP3A4 

which causes significant reduction in lopinavir concentration. Co-administration 

o f LPV/r at a dose o f 400/100mg with rifampicin is thus contraindicated. 

Adjusted dosing o f LPV/r as either 800/200mg or 400/400mg twice daily with 

rifampicin demonstrated less reduction in lopinavir AUC; however patients 

experienced more toxicity (25).

Combination o f  LPV/r with NRTIs is effective in suppressing viral replication 

(26) and regimens are generally well tolerated. The most frequent side effects 

are mild to moderate; mainly in the gastro-intestinal tract (GIT) with diarrhea, 

nausea, and vomiting. Other side effects include; hypertriglyceridemia, 

hypercholesterolemia, pancreatitis, transient elevations in transaminase levels, 

insulin resistance, new onset diabetes and worsening o f pre-existing diabetes.

Fat redistribution occurs including central obesity, dorsocervical fat 

enlargement, peripheral and facial wasting, breast enlargement, and 

Cushingoid appearance. Less common adverse effects include allergic 

reaction, malaise, headache, myalgias, arthralgias, myocardial infarction and 

lactic acidosis (6, 27-28).
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Figure 1.3. Chemical structures of nevirapine, efavirenz, lopinavir and ritonavir
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Integrase inhibitors

Integrase inhibitors interfere with activity o f integrase enzyme thus inhibit abihty 

o f the HIV DNA to insert itself into the host DNA (6). Since integration is a vital 

step in retroviral replication, blocking it can halt further spread o f the virus. 

Raltegravir was the first integrase inhibitor approved by the FDA, initially for 

treatment-experienced patients and subsequently for treatment-naive patients (6).

Entry inhibitors

Entry inhibitors interfere with binding, fusion and entry o f HIV into the host 

CD4 T cell by blocking one o f  several targets or receptors therefore 

preventing HIV entry. Entry inhibitors are classified into three groups 

depending on the actual step o f viral entry that they inhibit namely; fusion 

inhibitors, co-receptor antangonists and CD4-receptor inhibitors (6). Drugs in 

this category include maraviroc; a chemokine receptor antagonist (29) and 

enfurvitide; the prototype o f fusion inhibitors which prevents HIV from 

infecting the CD4 T cell by specifically inhibiting the function o f the 

transmembrane gp41 o f HIV-1 (30).

1.2 Uganda and HIV

Uganda is a landlocked country in East Africa with an area o f 236,040 square 

kilometers (146,675 square miles) making it the 81^' largest country in the world. 

Uganda has a fast growing population, currently estimated at 32 million. The high 

population growth rate is due to the high fertility rate o f  almost seven children per 

woman. This is the third highest birth rate in the world. The population is very 

young with a median age o f 15 years. Uganda is a resource limited country where 

31% o f the population hves below one US dollar a day. Life expectancy in 

Uganda is 52 years, mostly due to HIV/AIDS (31).

HIV-infection was first described in Uganda in 1982, as ‘slim ’ disease because o f 

the significant wasting observed among patients (32-33). In 1991, data from rural 

south western Uganda reported prevalence rates among adults ranging from 

38.5% in trading centers to 8.6% in agricultural villages. Having multiple sexual 

partners was the strongest factor favoring HIV transmission. Significant effort has
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been made towards prevention of new infections; however, to date, Uganda 

continues to bear a heavy burden of HIV as one o f the leading causes of morbidity 

and mortality. The national HIV prevalence reduced from over 18% during the 

early 1990s to the current 6-7% with approximately 1.1 million people infected 

(34-35). The HIV prevalence differs accross the country as shown on the map of 

Uganda in figure 1.4. The reduction in HIV prevalence was achieved through 

national efforts to educate people on HIV transmission, provision of condoms 

plus testing and linkage to care to prevent the spread of HIV. HIV clades A, D 

and A/D recombinant strains are responsible for approximately 95% of HIV-1 

infections in Uganda (36).
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Figure 1.4. Map of Uganda showing the distribution of HIV prevalence
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1.2.1 Antiretroviral therapy in Uganda

Until recently, the major constraint for w idespread use o f ART in Uganda, as in 

many other African countries, was the high cost o f medications and associated 

monitoring tests. In 1997 the Uganda government embarked on efforts to provide 

access to ART, in collaboration with the Joint United Nations Program on HIV. A 

nationwide program was launched to provide free ART through the public sector 

and initiatives such as the Multicountry AIDS Program, the Presidents’ 

Emergency Plan for AIDS Relief, the Global Fund to Fight AIDS, tuberculosis 

and malaria, the World Health Organisation’s (WHO) 3 by 5 initiative and 

M edecins sans Frontiers among others were established to provide free care and 

treatment.

Uganda adopted the WHO guidelines based on public health principles, aiming 

for universal access to ART, and adapted them to national circumstances. Initial 

A R l' guidelines recommended initiation o f  therapy at CD4 count o f 250/ul and 

below (37), however these guidelines have been updated and today, ART is 

recommended for HIV-infected patients with CD4 T cell count o f 350 cells/ul and 

below, HIV-tuberculosis co-infected patients and those with WHO stage IV 

disease irrespective of CD4 counts. However, the Ugandan public health sector is 

continuously challenged with drug stock-outs consequently ART initiation is not 

uncommonly reserved for patients with CD4 counts o f 50 cells/ul and below. 

Currently, first-line ART regimens in Uganda consist o f a NNRTI with 2 NRTIs 

and second-line regimens consist o f a PI (LPV/r) with 2 NRTIs (37). Efavirenz 

and nevirapine are the NNRTIs available and LPV/r is the main PI in the Ugandan 

public sector (37).

In persons who have been accidentally exposed to HIV through needle-stick 

inoculation or through contamination o f mucous membranes by secretions or non­

medical exposure e.g. rape and defilement, immediate administration of 

antiretrovirals may prevent infection from occurring. In this situation ART needs 

to be provided for one month. In Uganda recommended regimens for post 

exposure prophylaxis include a 2-drug combination which may be either 

zidovudine or tenofovir plus lamivudine or emtricitabine for low risk exposure. 

For high risk exposure a 3-drug combination is recomimended which is made up 

o f  the 2 drugs above plus efavirenz or a protease inhibitor
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Due to the high cost o f branded ART, 93% of ART prescribed in Uganda are 

generic fixed dose combinations (FDC), initially mainly from India, such as 

Triomune® (stavudine + lamivudine + nevirapine) manufactured by Cipla, 

Mumbai. These have made ART simpler, cheaper and more accessible. Infection 

with HIV is no longer a death sentence in Uganda as HIV-infected people 

receiving ART can survive longer and live more productive lives. However to 

ensure success o f  long term ART, several factors need to be considered. The next 

section is a discussion o f some o f these factors with a bias towards 

pharmacological considerations.

1.3 The role of clinical pharmacology in supporting the roll-out of ART

Successful treatment o f infectious diseases such as HIV is the result o f a complex 

interaction between the patient, the drug and the infectious agent. Sub-therapeutic 

drug concentrations can result in treatment failure with risk for emergence o f 

resistant forms o f the infectious agent. Development o f resistance at an individual 

level compromises patients’ response to future therapeutic interventions (38-39) 

and at a population level results in the transmission o f resistant virus (40) which is 

more expensive and difficult to treat.

Optimal regimens provide adequate drug concentrations at the target sites with 

maximal efficacy and minimal toxicity. Optimal regimens may be supported by 

evidence from pharmacokinetic studies performed in the target population. 

Below, we provide a brief overview o f the concepts o f pharmacokinetics before 

discussing some factors that may influence ART pharmacokinetics.

1.3.1 Pharmacokinetics

Pharmacokinetics is the study o f drug disposition in the body. It includes the four 

processes o f absorption, distribution in tissues and cells, metabolism and 

elimination from the body. Pharmacokinetic parameters may be obtained from the 

exposure-time profile (figure 1.5) which is a function o f the rate and extent o f 

drug input, distribution, and elimination.
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Figure 1.5. A graph showing the drug concentration-time profile (41)
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The exposure-time profile also called concentration-time profile is plotted using 

data obtained fi'om pharmacokinetic studies. Following drug administration; 

biological samples are obtained and drug concentrations measured. The 

concentration-time profile is obtained by plotting drug concentrations on the y- 

axis against the corresponding time at which samples were obtained on the x-axis. 

The measure o f  total drug exposure (A U C )  is obtained by calculating the area 

under the concentration-time curve. A U C o-iastis the area under the curve for 

concentration-time from time 0 to the last observation while AUCo-oo is the area 

under the plasma concentration-time curve from time 0 extrapolated to infinity. 

The highest concentration attained post dosing is the Cmax and can be obtained by 

direct inspection o f  the data. The time period taken to reach Cmax is the time o f  

maximum concentration (Tmax)- The lowest concentration o f  drug measured along 

a dosing interval is the Cmin- Ctrough is the measured concentration at the end o f  a 

dosing interval at steady state, taken immediately before the next dose 

administration. The therapeutic range o f  a drug is the range o f  plasma 

concentrations o f  drug associated with effective therapy without undue toxicity. 

Minimum effective concentration is the lowest concentration required for optimal 

therapeutic response. Maximum tolerated concentration is the highest 

concentration beyond which toxicity occurs. The Tm is the time required for a 

given drug concentration to decrease by 50% w hile clearance (CL/F) is a measure 

o f  the efficiency o f  removal o f  drug from the blood or plasma. The apparent 

volume o f  body fluids into which a drug distributes at equilibrium is the V/F. 

Steady-state plasma concentration: is achieved when the total amount o f  drug 

delivered into the body is equal to the amount eliminated. The time to steady state 

depends on elimination T 1/2 and for over 95% o f  drugs, steady state is achieved 

after about 4-5 elimination T 1/2 .

1.3.2 Factors affecting ART pharmacokinetics

Optimizing ART requires comprehensive characterization o f  the 

pharmacokinetics o f  ART in the target population. We have recently published a 

paper on pharmacologic considerations for ART in developing countries (42). 

Some o f  the factors that influence drug concentration in target populations are 

discussed below.
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Individual variables; age, sex, weight and genetic background

Differences in covariates such as age, sex, weight and genetics may cause 

differences in drug disposition (43) either due to differences in expression o f drug 

transporting proteins and metabolizing enzymes or rates o f elimination. Some 

evidence to support differences in drug disposition arising from individual 

variables and polymorphisms o f genes encoding metabolizing enzymes exists 

(44). Evidence suggests that differences in NNRTI metabolism are due to 

polymorphisms o f genes encoding metabolising enzymes. The frequency o f these 

polymorphisms varies with race and their effects may be clinically significant. 

Earlier work by Haas and colleagues demonstrated an association between central 

nervous system toxicity, higher efavirenz levels and CYP2B6 516 polymorphisms 

that occurred more commonly in blacks (38). Recent studies (45) also report 

associations between NNRTI levels and racially distributed genetic differences. 

Analogous to earlier reports with efavirenz, CYP2B6 516 variant alleles were 

associated with higher nevirapine concentrations. A 1.5 fold increase in 12 hour 

nevirapine concentrations was observed in TT versus GG individuals in one 

Ugandan study (46). Studies are needed to identify other pharmacogenetic factors 

that may affect the pharmacokinetics of ART in the target populations.

Diet, food intake and malnutrition

The oral bioavailability o f lipophilic drugs varies widely and for some o f them 

improves markedly when administered with a high-fat meal or drink. Some drugs 

require acidic pH for absorption while others are better absorbed in alkalinic pH. 

Food enhances absorption and bioavailability o f some drugs such as efavirenz 

(20), while absorption o f  other drugs may be delayed in presence o f food (47). 

Given that the diet in resource limited settings markedly differs from that in the 

developed world, bioavailability o f drugs may differ. M alnutrition reduces the 

amount o f  plasma protein so influences the fraction o f  drug bound by plasma 

protein, with more o f  the free drug available. M alnutrition also increases risk o f 

suboptimal response to treatment and death when ART is initiated. Some types o f 

food may interact with ART, while ART side effects such as nausea and vomiting 

may affect food intake and nutrition in general (48). Food may induce changes in 

the bioavailability o f some drugs due to chelation by components in the food. The
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physiological response to food intake such as gastric acid secretion may reduce 

bioavailability o f other drugs (49).

Pregnancy

The physiological changes that occur during pregnancy such as alterations in 

plasma protein concentrations; increased volume o f distribution; and changes in 

absorption rate may alter drug pharmacokinetics (50). The increase in 

progesterone levels during pregnancy reduces gastric emptying and small 

intestine motility thus affects absorption. The higher gastric pH may impair drug 

absorption (51). Drug distribution is modified by the elevated body water and fat, 

which increase the volume o f distribution o f both hydrophilic and lipophilic 

drugs. Plasma albumin and alphai-acid glycoprotein decrease during pregnancy 

thus affect drug protein binding (51). The high variability o f expression of 

CYP450 enzymes during pregnancy affects drug metabolism while increased 

renal blood flow may enhance excretion o f renally excreted drugs (51).

Previous studies demonstrated conflicting results regarding nevirapine 

pharmacokinetic exposure during pregnancy compared to the non pregnant state 

(52-54). A review by Roustit et al attributed this to the small sample sizes in the 

different studies and the high inter-individual variability (51). In Ugandan 

women, nevirapine exposure was reduced during the third trimester compared 

with post partum (55). Studies demonstrated a reduction in the steady-state 

pharmacokinetics o f lopinavir during pregnancy (56-58) and higher dosage 

adjustments produced higher lopinavir exposure in the third trimester similar to 

the non-pregnant exposure (59-60). In contrast to these data, Lyons et al 

demonstrated trough plasma levels in pregnant mothers that were closer to those 

in the non-pregnant population (61). The authors suggested pharmacogenetic 

differences as possible explanations o f the differences in handling o f LPV/r in the 

different populations. Adequate ART pharmacokinetics is particularly important 

in pregnancy to achieve viral suppression and prevent mother to child 

transmission therefore characterization o f ART pharmacokinetics in pregnancy is 

o f utmost importance.
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Plasma protein binding

Drug distribution in the body is influenced by plasm a protein binding and drug 

transporting proteins. Albumin and alphai-acid glycoprotein are the major drug 

binding proteins in the blood. Albumin binds acidic drugs while basic drugs bind 

to the globulin fraction; alphai-acid glycoprotein. Binding o f drugs to plasma 

proteins and tissue components is reversible and usually rapid, reaching a state of 

equilibrium between the bound and unbound drug fractions within seconds. For 

example following oral administration, 60% o f nevirapine is protein bound (14) 

while efavirenz is highly protein bound (>99%), predominantly to albumin (20). 

The unbound drug is available for action at the target sites. Only the free drug 

crosses membranes and is pharmacologically active.

Drug distribution may involve transport o f drugs by carriers such as P- 

glycoprotein, expressed in many tissues such as the intestine, liver, kidney, testes 

and brain. These facilitate cellular uptake and efflux o f drug molecules across 

membranes. P-glycoprotein is a transmembrane efflux protein that may affect 

drug disposition by inhibiting drug absorption from the GIT and facilitating drug 

excretion into the bile and urine. Some drugs inhibit and/or induce drug 

transporters influencing concentrations o f co-administered drugs (62).

Drug quality

Qualified generic drugs offer great promise in the treatment o f HIV/AIDS; 

however, proven bioavailability and bioequivalence are key to successfully 

implementing their use. Substandard and counterfeit ART formulations produce 

sub-therapeutic plasma concentrations with risk for treatment failure and 

emergence o f drug resistance. In addition, they may contain toxic substances 

harmful to patients (63). Although the magnitude o f  the problem of counterfeit 

drugs in Uganda is not well established, reports are often made in the public 

media such as newspapers (64-65).

Bioequivalence testing assesses the expected in vivo biological equivalence o f two 

preparations o f  a drug. According to the US Food and Drug Administration 

(FDA), if  two products are bioequivalent, then their bioavailability should not 

differ significantly when administered at the same dosage under similar 

conditions. The two products should not have significant difference in the rate and
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extent to which the active ingredient becomes available at the site o f drug action 

when administered at the same molar dose under similar conditions in an 

appropriately designed study. Both AUC and Cmax can be analyzed as 

bioequivalence markers. The FDA definition for bioequivalence is a 90% 

confidence interval o f the geometric mean ratio that lies between 0.8 and 1.25 

when comparing the test to the reference drug (66).

Adherence

Sub-optimal adherence leads to sub therapeutic drug concentrations with 

incomplete viral suppression, treatment failure and risk for drug resistance (48- 

49). At least 95% adherence to ART is necessary for successful HIV treatment 

(67) especially with NNRTIs. Significant effort has been put into enforcing 

adherence to ART in Uganda. Interventions such as regular ART counseling and 

use o f fixed-dose combination (FDC) ART regimens have been adopted. Such 

interventions have improved ART adherence to levels greater than 90% for 

majority o f  patients in Uganda and other areas in sub-Saharan Africa (68-70). 

However, ART toxicity as well as the immune reconstitution inflammatory 

syndrome may impact adherence (71). Data from a large multicentre trial 

demonstrated a high rate o f life-threatening adverse events exceeding AIDS 

defining events (72). The occurrence o f such events may cause poor adherence 

necessitating a switch in ART regimens. About 25% o f patients stop therapy 

within the first year on ART because o f side effects. About the same number do 

not take the recommended dosages due to concerns o f side effects. Patients who 

report significant side effects are more often non-adherent to therapy (7).

Drug pharmacokinetics

Drugs are metabolized into more hydrophilic forms that are easily excreted from 

the body; some are biotransformed into more active metabolites. Metabolism 

reactions are broadly classified into phase 1 and phase 2 reactions catalyzed by a 

number o f  enzymes. Phase 1 reactions are oxidation, reduction and hydrolysis 

reactions; which provide a chemical group to a drug increasing its polarity and 

water solubility while phase 2 reactions involve conjugation or synthetic reactions 

in which hydrophilic moieties such as glucuronic acid, sulphate, glutathione and
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acetate are attached to a metabolite resulting from a phase 1 reaction (73). The 

metabolites may have less or more pharmacologic and toxic properties than the 

parent drug.

Phase 1 reactions mostly involve oxidation catalyzed by the super family o f heam 

protein enzyme isoforms o f CYP450 enzymes. These enzymes are electron 

transporting proteins containing a heam prosthetic group, found in the liver 

endoplasmic reticulum, adrenal mitochondria and GIT. Their nomenclature is 

derived from cyto for the cellular location, chrome for spectrophotometric 

characteristics and P for pigment. It includes an Arabic numeral indicating the 

isoform family, a capital letter for the subfamily and an Arabic numeral for the 

individual gene product in the subfamily. In the presence o f carbon monoxide, 

they have an absorption maximum at wavelengths near 450 nanometers. The CYP 

enzymes play a major role in the activation o f chemical carcinogens, 

detoxification o f numerous xenobiotics as well as oxidative metabolism of 

endogenous compounds such as steroids, fatty acids and prostaglandins. The liver 

is the major site for CYP-mediated oxidative metabolism. Other sites include the 

intestine, lungs and kidneys (74).

Although 14 human families o f CYP enzymes have been identified, 

approximately 95% o f all drug oxidation occurs through the action o f 6 CYP 

enzymes: CYP1A2, CYP2C8/9, CYP2C19, CYP2D6, CYP2E1, and CYP3A4/5. 

The CYP3A subfamily is the major form in the human liver and other tissues 

accounting for 30 per cent o f the cytochrome P450 enzymes and responsible for 

metabolism o f majority o f drugs in clinical use (21). Regarding ART, both Pis 

and NNRTIs are extensively metabolized by CYP3A4. Nevirapine and efavirenz 

are inducers while most Pis are inhibitors o f  CYP3A4, ritonavir being the most 

potent. Considering the multiple pharmacotherapy that HIV-infected patients 

often receive and that CYP3A4 is involved in metabolism o f majority o f drugs, 

the risk for drug interactions is considerable.
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Pharmacokinetic drug-interactions

Pharm acokinetic interactions may occur w hen drugs are co-adm inistered. These 

interactions m ay result from induction or inhibition o f  CYP enzym es or drug 

transporters by drugs causing synergistic or antagonistic therapeutic effects and/or 

side effects. E nzym e induction occurs w hen there is enhanced activity o f  existing  

enzym es due to increased enzym e synthesis or decreased degradation. Increased  

enzym e synthesis occurs when there is increase in transcriptional activation o f  

m essenger R N A  causing enhanced protein synthesis. The m olecular m echanism s 

o f  CYP gene regulation involve interaction betw een  transcription factors such as 

nuclear receptors w ith promoters o f  the CYP genes (74). An inducer binds to 

nuclear receptors and the inducer-nuclear com plex  binds to a D N A  response 

elem ent, enhancing D N A  transcription thus increasing protein synthesis and 

enzym e production. The liver-enriched transcription factors and nuclear receptors 

include the human nuclear pregnane X  receptor (hPX R ) and the constitutive  

androstane receptor (hC A R ) which regulate expression  o f  the CYP enzym e genes, 

and transactivation o f  these receptors leads to upregulation o f  CYP enzym e  

activity (74-77).

Inducers such as efavirenz and nevirapine activate the hPX R  and hCAR, 

markedly increasing C Y P3A 4 and 2B 6 functional activity (75-76). Induction o f  

CYP enzym e activity causes increased drug m etabolism  with decreased plasm a  

concentration o f  the drug m etabolized by that enzym e and reduced availability to 

sites o f  action. K now n inducers include; rifam ycins (78), anticonvulsants (79), 

efavirenz (21), nevirapine (14) and herbal m edications like St John’s wort (80). 

E nzym e inhibition on the other hand, leads to reduced clearance, prolonged T 1/2 

and accum ulation o f  drug. It m ay be reversible or irreversible w ith the former 

being more com m on. Reversible inhibition m ay be com petitive or non­

com petitive. In com petitive inhibition; the inhibitor com petes w ith the substrate 

for the sam e binding site within a CYP enzym e. In non-com petitive inhibition, the 

inhibitor binds to the sam e enzym e as the substrate, but the binding site differs. 

K now n reversible inhibitors o f  CYP enzym es include; antifungals and antibiotics 

like ciprofloxacin  and clarithromycin (81). W ith irreversible inhibition; the 

inhibitor form s inhibitory intermediate m etabolites w hich  form stable inactive 

com plexes w ith  the prosthetic hem e o f  CYP. The enzym e involved  is unavailable
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for drug metabolism and synthesis o f new enzymes is required to overcome the 

inhibition.

Drug-drug interactions arising from concomitant medication use are an important 

widely recognized cause o f differences in drug disposition (82). Antiretroviral 

drugs are among the drugs with high potential for drug-drug interactions due to 

the potent inhibition and induction o f CYP enzymes as well as transport proteins. 

The combination o f at least three drugs for highly active ART increases the risk 

for drug-drug interactions. The potential for drug interactions is complicated 

when additional drugs for treatment o f co-morbidities and infections are 

administered (14-15, 82-83).

Over the counter drugs and herbal products although poorly studied are 

commonly used by HIV-infected individuals and may be a source o f drug 

interactions. Herbal medicines may have significant interactions with ART. By 

inducing CYP3A4 and P-glycoprotein, St John’s wort reduces PI and NNRTI 

concentrations (84), additional data suggests that garlic and vitamin C also reduce 

ART concentrations (85). A survey in Uganda documented 103 species o f 

medicinal plants prescribed by traditional medicine practitioners for treatment of 

HIV/AIDS (86). It is important to identify the active ingredients and drug 

interactions o f herbal remedies with ART.

The risk o f  clinically significant interactions is considerable and may result in 

high concentrations with excessive toxicity or reduced concentrations with 

reduced efficacy and risk for development o f resistance. Clinically significant 

CYP mediated drug-drug interactions are more likely to occur with NNRTIs and 

PI because they are inducers and/or inhibitors o f CYP enzymes (83). NRTIs do 

not undergo CYP mediated metabolism and their effect depends on the rate and 

extent o f intracellular phosphorylation (83). They are less likely to cause CYP 

mediated drug interactions. They are excreted mainly via the liver and kidneys. 

They may cause competition with other drugs for renal tubular secretion. A 

comprehensive review o f drug interactions is available at http://www.hiv- 

druainteractions.org/ and http://idi.mak.ac.ug/docs/druginteractionchart.pdf and 

health care providers are advised to review this information before prescribing co 

medication to patients receiving ART.

47



Disease and co-morbidity

The immune suppression caused by HIV-infection predisposes patients to various 

infections and co-morbidities requiring co-treatment. Disease and co-morbidity 

may influence drug pharmacokinetics in various ways; plasma proteins increase 

during acute infections and may alter the bound and unbound drug fractions. Drug 

excretion from the body through various routes, including the kidneys, GIT, 

lungs, breast milk and sweat may be affected by disease states causing 

accumulation of drug and necessitating dose reduction. Disease interactions, 

increased pill burden, drug interactions, and synergistic drug toxicity arising from 

concomitant treatment may influence adherence and drug pharmacokinetics with 

influence on treatment outcome.

In sub-Saharan Africa, malaria is a major cause of morbidity and mortality in 

HIV-infected patients. Malaria and HIV together account for more than 4 million 

deaths annually worldwide (87). The geographical overlap in epidemiological 

distribution of HIV and malaria creates significant epidemiological, clinical and 

socio-economic interactions with profound consequences (87-92). Treatment of 

the two diseases is currently being scaled-up in sub-Saharan Africa; however, 

optimizing treatment o f HIV-malaria co-infected patients faces several 

challenges. In the next chapter we present literature review on malaria and HIV 

interactions with focus on potential drug-drug interactions between antimalarial 

drugs and ART.

1.4 HIV and Malaria interactions

Malaria is a febrile illness caused by intracellular protozoa of the genus 

Plasmodium, transmitted by the bite of an infected female anopheles mosquito. 

Plasmodium species that cause disease in humans include P. falciparum, P.vivax, 

P.malariae, and P. ovale (93). P. falciparum  is the most prevalent in Uganda and 

the most virulent causing the most severe form of disease (94). Worldwide, 

malaria ranks as one of the most important causes of morbidity and mortality with 

300-500 million clinical episodes and 1.5 -  2.7 deaths annually. Over 90% of 

these occur in sub-Saharan Africa, the region with 68% of the global HIV burden 

(1,95).
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The malaria parasite has part o f its life-cycle in humans and part in the mosquito 

(figure 1.7). The mosquito injects sporozoites into the human host. Sporozoites 

travel in the blood to infect hepatocytes where they mature into schizonts. 

Schizonts rupture releasing merozoites which infect red blood cells. At the end of 

a 48 to 72 hour cycle red blood cells rupture releasing merozoites responsible for 

the clinical manifestations o f disease including; fever, chills and rigors, joint 

pains, abdominal pain, vomiting and headache. In the absence o f adequate 

treatment, individuals may develop severe malaria with organ dysfunction and 

death.
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Figure 1.7. The life-cycle of the malaria parasite (96)

anopheles
mosquito sporozortes

merozoites

within I 
mosqujto

(Adopted from http://sickle.bwh.harvard.edu/malaria_sickle.html)
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Development o f  malaria infection may be prevented by destruction o f sporozoites 

by cytotoxic T cells. Both humoral antibody responses and adequate T cell 

immunity are critical to development o f  an effective immune response against 

malaria. CD4 T cells modulate production o f antimalarial antibodies and 

production o f cytokines directed against m alaria parasites. Activated CD4 and 

CDS cells facilitate antibody dependent cytotoxicity o f infected red blood cells 

which results in death o f  intraerythrocytic parasites (97).

By depleting CD4 T cells HIV-infection causes diminished antimalarial immune 

responses due to deficiency in humoral and cell mediated immunity. Studies have 

established increased malaria incidence and severity in HIV-1 infected individuals 

(87, 91, 98). The HIV-infected individuals are over twice as likely to get infected 

with malaria as HIV-uninfected individuals (98-101). The risk worsens with 

advanced immune suppression (98-99). On the other hand, the immunological 

consequences o f  malaria infection stimulate HIV replication with increase in viral 

load (90, 102). Transient but repeated elevations in HIV viral load during 

recurrent malaria attacks could have an impact on HIV disease progression and 

transmission (92).

Uncomplicated m alaria if  not promptly and adequately treated, progresses to 

severe malaria with high risk for death. The risk for severe malaria is higher 

among HIV-infected individuals (103-104). Severe malaria is a spectrum of 

clinical syndromes unified by the single causative organism P. falciparum. 

Operationally it is defined as any malaria syndrome that is associated with a high 

mortality (>5%), even after appropriate treatment in hospital (105). Severe 

falciparum malaria is defined according to the following criteria; presence of 

coma, severe anaemia, respiratory distress, hypoglycemia, circulatory collapse, 

spontaneous bleeding, haemoglobinaemia, acidosis and repeated convulsions. The 

supporting criteria include: impaired consciousness, jaundice, prostration, 

hyperpyrexia and hyperparasitaemia (106). Severe malaria is the commonest 

cause o f  death, particularly in rural areas that are not serviced by the formal health 

system. However, even under ideal conditions in specialized hospitals, the case 

fatality rate still remains unacceptably high. The increasing seriousness o f this 

problem calls for the need to evaluate and embrace new interventions for the 

management o f  this disease.
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The drug o f choice for treatment of severe malaria in most parts of Africa has 

been IV quinine; however, recent evidence suggests IV artesunate to replace 

quinine (107-108). A large multi-center randomized placebo-control trial carried 

out in South-east Asia reported a 35% reduction in mortality in adults treated with 

IV artesunate compared to IV quinine. Artesunate use was also associated with 

very few adverse events (107). Data from a very recent multi-centre randomised 

trial demonstrated superiority of artesunate over quinine with a 22.5% reduction 

in mortality, and significantly less incidence of coma, convulsions and 

deterioration of coma score in patients treated with artesunate (108).

Artesunate

Artesunate is a water soluble hemisuccinate artemisinin derivative of the Chinese 

herb; Artemisia anua (sweet wormwood)', manufactured to Good Manufacturing 

Practice standards as artesunic acid for injection (60mg/ampule) by Guilin 

Pharmaceutical Factory, Guangxi, and People’s Republic of China. The chemical 

structure of artesunate is shown in figure 1.8. Like other artemisinin derivatives, 

the artesunate structure includes an endoperoxide bridge (C-O-O-C), which in the 

presence of intraparasitic iron, is converted into free radicals and other 

electrophilic intermediates which alkylate specific malaria target proteins.
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Figure 1.8. Chemical structures of artesunate, artemether and 

lumefantrine
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The mechanism o f action o f artesunate and the other artemisinin derivatives is not 

well understood but is thought to be linked to the peroxide bridge (109-110). 

Artesunate exerts oxidant stress on the intraerythrocytic malaria parasites (111). 

When the malaria parasite enters the red blood cell, it consumes hemoglobin and 

liberates heme in its digestive vacuole. The iron o f heme reduces the artesunate 

peroxide bond generating high oxygen radicals which kill the parasite.

Artesunate is highly effective with very fast schizonticidal action. It may be 

administered orally, intramuscularly, rectally or IV. Following IV administration, 

artesunate is very rapidly hydrolysed to dihydroartemisinin (112) by blood 

esterases and the hepatic CYP3A4 (113). Artesunate’s excellent antimalarial 

properties demonstrated by rapid parasite and fever clearance are attributed to its 

rapid hydrolysis to dihydroartemisinin (114-115), a metabolite with potent 

antimalarial properties (112, 114, 116-119). The excellent efficacy and safety plus 

the ease o f administration make artesunate a very attractive option for use in 

remote peripheral areas, although widespread use is hampered by the cost o f drug 

aquisition. To prevent emergence o f drug resistance, artesunate monotherapy is 

not recommended and therapy should be completed with a full course o f an oral 

ACT.

1.4.1 Treatment of uncomplicated malaria

Reduction o f malaria-associated morbidity and mortality in sub-Saharan Africa 

largely depends on provision o f prompt, safe, affordable, and effective 

antimalarial therapy. Response to antimalarial therapy is dependent on the 

abilities o f both antimalarial drugs and host immune responses to inhibit infecting 

parasites. M alaria-specific immunity is acquired with repeated exposure to 

malaria parasites and improves with age. Similarly response to therapy improves 

with acquired immunity. The HIV depletes acquired immunity predisposing 

patients to poor treatment outcomes. The HIV-malaria co-infected patients present 

with higher parasite counts (91), an independent predictor o f treatment failure 

(120), underscoring the need for prompt, effective and safe antimalarial treatment. 

Data on the effect o f HIV-infection on antimalarial treatment response is 

accumulating but not conclusive (121-125); one study reported no effect o f HIV- 

infection on treatment failure among children treated with quinine (125). A few
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studies have suggested decreased antimalarial treatment response in HIV-infected 

patients (121, 123, 126), and higher rates o f malaria re-infection in adults after 

malaria treatment (122). Cotrimoxazole prophylaxis and ART greatly reduce the 

risk for malaria in HIV-infected individuals (127-128), however, once infected 

with malaria; individuals should receive effective and safe antimalarial treatment. 

Due to the wide-spread resistance to older antimalarial drugs such as chloroquine 

and sulphadoxine-pyrimethamine, WHO recommends use o f artemisinin based 

combination therapy (ACT) as first-line treatment for uncomplicated malaria (93). 

The ACTs combine fast-acting artemisinins which clear parasites rapidly, with 

structurally unrelated and more slowly eliminated compounds which permit 

elimination o f residual parasites.

The impact o f HIV induced immunosuppression on antimalarial treatment 

outcomes progressively increases as antimalarial drug efficacy decreases. ACTs 

are highly effective in management o f malaria in HIV infected individuals though 

there is an increased risk o f new malaria infections after treatment and 

recrudescent malaria occurs more commonly in adults with advanced 

immunosuppression (122, 129). Co-administration o f ART and ACT to HIV- 

malaria co-infected patients has potential for drug interactions due to the central 

role played by CYP enzymes in biotransformation o f the NNRTIs, Pis and the 

ACTs.

1.4.2 The potential for pharmacokinetic interactions between ACT and 

ART

The potential for interactions between ACTs and ART was demonstrated when a 

combination o f amodiaquine plus artesunate was co-administered with efavirenz 

to healthy volunteers (130). The amodiaquine AUC increased by 100-300% and 

the individuals manifested with hepatotoxicity. Co-administration o f amodiaquine 

and efavirenz is therefore contraindicated (130). In a recent study in Uganda, 

amodiaquine plus artesunate was associated with remarkably high risk o f 

neutropenia in HIV infected children, worse with concurrent ART especially 

zidovudine (131).
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Artemether-lumefantrine

Artemether-lumefantrine (AL) is an ACT manufactured to Good Manufacturing 

Practice standards as a FDC tablet containing 20mg artemether and 120mg 

lumefantrine (Coartem®) by Novartis Pharma AG, Basel, Switzerland) (132). A 

six-dose regimen of AL has excellent efficacy against sensitive and multidrug 

resistant falciparum malaria (133). Artemether-lumefantrine is the first-line ACT 

for treatment o f uncomplicated malaria in Uganda. We have published an update 

on efficacy, effectiveness and safety of AL for treatment of uncomplicated 

malaria (134). Artemether and lumefantrine have different modes of action and 

act at different points in the parasite life cycle. Artemether interferes with parasite 

transport proteins, disrupts parasite mitochondrial function, inhibits angiogenesis 

and modulates host immune function. Lumefantrine is an aryl-amino alcohol that 

prevents detoxification of heme, such that toxic heme and free radicals induce 

parasite death (135-136).

Artemether is an artemisinin derivative of the Chinese herb artemisua annua. Its 

chemical formula is C 16H26O5 with a molecular weight of 298.4. The chemical 

structure o f artemether is shown in figure 1.8 . Artemether is absorbed very rapidly 

after oral administration reaching peak plasma concentrations within 2 hours 

(136-137). It acts rapidly to clear malaria parasites with T 1/2 of 1-3 hours and is 

metabolized quickly via CYP2B6, 3A4 and possibly 2A6 to dihydroartemisinin 

(15, 132, 138). Dihydroartemisinin is converted to inactive metabolites by 

glucuronidation via uridine diphosphoglucuronyltransferases (UGT), U G T lA l, 

1A8/9 and 2B7 (132, 138). Artemether induces CYP2C19 and 3A4 (15). A 

summary of artemether pharmacokinetics is presented in table 1.1. Both 

artemether and dihydroartemisinin offer potent anti-malarial properties causing 

significant reduction in asexual parasite mass of approximately 1 0 ,0 0 0  fold per 

reproductive cycle, with prompt resolution of symptoms (139).

Lumefantrine is an aryl-amino alcohol (138) with chemical formula C30H32CI3NO 

and molecular weight of 528.9. The chemical structute of lumefantrine is shown 

in figure 1.8. Lumefantrine absorption occurs 2 hours after oral intake reaching 

peak concentration after 3-4 hours (139). It has a T 1/2 of 3-6 days and is 

responsible for preventing recurrent malaria parasitemia (15, 139). It is absorbed 

and cleared more slowly than artemether and dihydroartemisinin and eliminates
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residual parasites thus prevents recrudescence (135-136). Lumefantrine inhibits 

CYP2D6 (15) and is metabolized by N-debutylation mainly via CYP3A4 to 

desbutyl-lumefantrine (15, 138). Food enhances bioavailability o f both artemether 

and lumefantrine (132, 139). A summary o f lumefantrine pharmacokinetics is 

presented in table 1.1.

Co-administration o f CYP inducers such as nevirapine and efavirenz with AL 

could potentially result in clinically significant drug interactions (15) with 

reduction in plasma concentrations o f artemether and lumefantrine with increase 

in the concentrations o f dihydroartemisinin and desbutyl-lumefantrine. On the 

other hand, the inhibitory effect o f LPV/r could theoretically result in elevated 

artemether and lumefantrine concentrations with reduced dihydroartemisinin and 

desbutyl-lumefantrine concentrations when co-administered.

We have published a paper on the potential for complex interactions between AL 

and ART (140). There are very scanty data on these interactions and their effects 

yet AL and ART continue to be co-prescribed in malaria endemic regions. A 

study that investigated the pharmacokinetics o f  the standard six-dose AL as 

80/480mg twice daily when administered with LPV/r 400/100mg twice daily in 

13 healthy HIV-seronegative volunteers demonstrated 2 to 3-fold increases in 

lumefantrine AUC and trends towards decreases in artemether Cmax and AUC with 

decrease in dihydroartemisinin AUC. The authors concluded that co­

administration o f AL and LPV/r can be carried out but highlighted the need for 

formal safety analysis o f concomitant therapy (141). Data from another 

pharmacokinetics study o f HIV-infected participants without malaria, 

unexpectedly demonstrated significantly increased lumefantrine exposure when 

co-administered with nevirapine although toxicity was not increased (142). Since 

lumefantrine has structural similarity to halofantrine, a drug known to cause 

cardiac arrhythmias and sudden death (143) and elevated concentrations may be 

associated with toxicity (144), more data are needed on the safety o f elevated 

lumefantrine concentrations.

It is not known what plasma levels o f ART will result if  AL is co-administered; 

however, since malaria infection occurs as an acute illness requiring a short 

course o f  therapy, the effect o f AL on ART may only be transient with clinically 

insignificant results. However, in malaria endemic regions; if  individuals are
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exposed to repeated malaria infections requiring recurrent treatment, the effect o f 

drug interactions combined with the transient increase in viral replication and 

viral load during malaria infection may be similar to effects o f sub-optimal 

adherence to ART or treatment interruptions which predispose to ART failure and 

development o f  resistance (145). The effects o f drug interactions may be more 

relevant in patients with borderline therapeutic concentrations due to CYP 

variability and in presence o f physiological factors such as pregnancy that 

influence drug pharmacokinetics.

1.5 Problem statement, rationale, research questions and objectives 

Problem statement and rationale

There has been a rapid roll-out o f ART in sub-Saharan Africa in the last decade 

with significant improvement in survival o f HIV-infected individuals. However, 

long term success o f any ART regimen requires ensuring continuous therapeutic 

concentrations o f drugs at the target sites. Achieving adequate concentrations is 

dependent on both drug and host characteristics such as quality of drugs, 

physiological and nutritional status, diet, presence or absence o f disease and 

adherence. In addition health system factors such as adequate human resource, 

laboratory infrastructure and continuous supply o f drugs play a major role. 

Sub-therapeutic drug concentrations predispose to treatment failure with risk for 

development o f drug resistance while very high concentrations predispose to 

increased toxicity which may affect adherence. Many o f the treatment programs 

in sub-Saharan Africa rely on the less expensive generic ART formulations to 

attain treatment goals. This creates the need to test and ensure that the generic 

products are bio-equivalent to the innovator ones. In addition, although 

pharmacokinetic studies are performed during drug development, drug 

pharmacokinetics may differ with differing genetics making it important that 

additional pharmacokinetic studies are performed in the target population.

The geographical overlap in the distribution o f HIV and malaria in sub-Saharan 

Africa, causes significant clinical, epidemiological and social-economic 

interactions with profound public health consequences. Impaired host immunity 

resulting from HIV infection causes increased incidence and severity o f malaria 

attacks with poor treatment response. On the other hand, infection with malaria
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parasites accelerates HIV replication with increase in HIV viral load. 

Optimization o f treatment for H IV-m alaria co-infected patients is o f utmost 

importance and requires chracterisation o f the pharmacokinetics and drug-drug 

interactions between ART and ACT.

Highly active ART is a combination o f a NNRTI or PI with 2 NRTIs. The 

NNRTIs and Pis are substrates and/or inducers or inhibitors o f CYP enzymes; 

therefore have potential for drug interactions when co-administered with CYP 

substrates. Current WHO malaria treatment guidelines recommend ACTs such as 

AL which is a CYP substrate. Co-administration o f ART with AL could generate 

significant drug-drug interactions with influence on plasma drug concentrations 

and treatment outcomes o f HIV-malaria co-infected patients. The conceptual 

framework for the effect o f these ART on AL is shown in figure 1.9.
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Figure 1.9. Conceptual framework for potential pharmacokinetic interactions between AL and ART
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There are very scanty data on the interactions between AL and ART although 

these are commonly co-prescribed. There are no recommendations to guide 

treatment o f HIV-malaria co-infected patients and there are no study data 

available to guide policy. The studies presented in this dissertation include 

evaluation o f the quality o f generic FDC ART and pharmacokinetic drug-drug 

interactions o f LPV/r, efavirenz and nevirapine with AL. The last study describes 

the pharmacokinetic profile and clinical response to IV artesunate during 

treatment o f  severe malaria. Data generated from these studies will help address 

these important knowledge gaps and will contribute to evidence for policy 

guidelines.

Research questions and objectives 

General objective

To evaluate the pharmacokinetics and drug interactions o f selected antiretroviral 

and antimalarial drugs in Ugandan adults when administered alone and in 

combination.

Specific objectives 

Chapter 2

Research question: Does the generic FDC o f stavudine, lamivudine and 

nevirapine (Triomune40® from Cipla, M umbai, India) provide equivalent 

pharmacokinetic exposure to the branded products; Zerit (Bristol Myers Squibb, 

Princeton, NJ, USA), Epivir® (GlaxoSmithKline, Research Triangle Park, NC, 

USA) and Viramune® (Boehringer Ingelheim, Columbus, OH, USA).

Study objective: To compare the steady-state pharmacokinetics, safety and 

tolerability o f generic and branded formulations o f stavudine, lamivudine and 

nevirapine in HIV-infected Ugandan adults

Hypothesis: The pharmacokinetic parameters o f  the generic FDC of stavudine, 

lamivudine and nevirapine (Triomune40®) are equivalent to those o f the branded 

formulations Zerit®, Epivir® and Viramune® in HIV-infected Ugandan adults.
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Chapter 3

Research question: Does co-administration o f AL with LPV/r result in cHnically 

significant drug interactions?

Study objective: To compare the pharmacokinetics o f AL when administered as 

FDC to HIV-infected patients receiving LPV/r and HIV-infected ART naive 

patients.

Hypothesis: Co-administration o f LPV/r with AL leads to increased

pharmacokinetic exposure o f artemether and lumefantrine.

Chapter 4

Research question: What is the cardiac safety o f  co-administration o f AL with 

LPV/r?

Study objective: To compare the cardiac function during AL administration to 

HIV-infected patients receiving LPV/r and HIV-infected ART naive patients. 

Hypothesis: Co-administration o f LPV/r with AL leads to increased

pharmacokinetic exposure o f lumefantrine with adverse effects on cardiac 

function.

Chapter 5

Research question: Does co-administration o f AL with efavirenz result in 

clinically significant drug interactions?

Study objective: To compare the pharmacokinetics o f artemether,

dyhidroartemisinin, lumefantrine and efavirenz when administered alone or in 

combination to HIV-infected patients.

Hypothesis: Co-administration o f efavirenz with AL leads to decreased 

pharmacokinetic exposure o f artemether and lumefantrine.

Chapter 6

Research question: Does co-administration o f AL with nevirapine result in 

clinically significant drug interactions?

Study objective: To compare the pharmacokinetics o f artemether,

dyhidroartemisinin, lumefantrine and nevirapine when administered alone or in 

combination to HIV-infected patients.
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Hypothesis: Co-administration o f nevirapine with AL leads to decreased 

pharmacokinetic exposure o f artemether and lumefantrine.

Chapter 7

Research question: What is the pharmacokinetic profile and clinical response to 

IV artesunate during treatment o f severe malaria in Ugandan adults?

Study objectives: To describe the pharmacokinetic profile and clinical response 

to IV artesunate in Ugandan adults with severe malaria.

1.6 Materials and Methods 

Study setting

The studies were conducted at the Infectious Diseases Institute (IDI) and Mulago 

Hospital, Kampala, Uganda (Figure 1.10). The IDI was established in 2004 to 

support the rapid scale up o f ART in Uganda. It is situated within the Makerere 

University College o f Health Sciences campus next to Mulago hospital. It is a 

centre o f excellence whose pragmatic areas include; prevention, care and 

treatment, training, research, laboratory services and community outreach. About 

20,000 HIV-infected patients are registered, with 10,000 actively in care; about 

5,500 are on first-line (nevirapine or efavirenz plus 2NRTIs) and 520 on second 

line ART (LPV/r plus 2NRTIs) regimens. Patients receive HIV and ART 

counseling, safe water vessels, mosquito nets, reproductive health services, 

cotrimoxazole prophylaxis and treatment o f opportunistic infections.

Mulago Hospital is the national referral hospital o f Uganda and teaching hospital 

o f M akerere University College o f Health Sciences, with a bed capacity o f  1500. 

All patients recruited in the pharmacology studies presented in this thesis were 

admitted to Mulago Hospital private ward where pharmacokinetic sampling and 

clinical monitoring was performed.
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Figure 1.10. Mulago Hospital and the Infectious Diseases Institute, Kampala, 

Uganda

Picture taken by Charles Steinberg.
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Supporting HIV care using medicines information at the AIDS Treatment 

Information Centre

W ithin IDI is the AIDS Treatment Information Centre (ATIC) a toll free call-in 

centre established to support the roll-out o f  ART. It is run by pharmacists and 

physicians with significant expertise in HIV/AIDS and infectious disease 

management. The centre provides medicines information by telephone, email, 

drug information charts and newsletters. The ATIC publishes reference charts 

such as drug identification and drug interaction charts that are freely and widely 

available for use even in the most remote areas. Our antimalarial-antiretroviral 

charts can be found at http://idi.mak.ac.ug/docs/antim alarial.pdf 

Health care providers submit questions using either the toll free telephone service 

or email and responses are submitted back after thorough literature search by 

ATIC staff Quality assurance is provided by pharmacists from the National 

Medicine Information Centre at Saint Jam es’ Hospital, Dublin and North-Western 

Memorial Hospital in Chicago, USA. Some o f the questions received at this 

centre form part o f  the research agenda at the IDI and are included in this thesis.

Capacity' building for clinical pharmacolog>' research in Uganda

The pharmacology research unit was established to support the roll-out o f ART 

and treatment o f co-morbidities and infections through research and training. The 

staffs received training in principles o f pharmacology research, regulatory 

procedures, filing and documentation, standard operating procedures (SOPs), high 

pressure liquid chromatography (HPLC) techniques, data review, statistical 

analysis and Good Clinical Practice (GCP).

With a grant from the Irish government, HPLC equipment was purchased and 

installed in the College o f American Pathologists’ certified Makerere University- 

Johns Hopkins University (MU-JHU) research collaboration laboratory at the IDI 

in October 2006. The laboratory technologist was trained at the University o f 

Cape Town and has since gained significant expertise in conducting drug assays. 

Collaboration with senior pharmacologists and technicians from the Departments 

o f Pharmacology and Therapeutics o f  Trinity College Dublin, Ireland, University 

o f Liverpool, United Kingdom (UK), University o f Cape Town, South Africa, 

Northwestern University, Chicago, IL, M ahidol-Oxford Tropical Medicine

65



Research Unit, Mahidol University, Thailand and Pfizer has enabled the IDI 

pharmacology research team to gain significant expertise. In June 2007, a 

workshop was hosted by the IDI clinical pharmacology research team to 

consolidate, co-ordinate and expand their research, training and capacity building 

activities. The workshop brought together a panel o f Clinical Pharmacology 

experts from Zambia, Uganda, South Africa, Nigeria, UK, United States and 

Ireland. The clinical pharmacology research team was trained by these experts 

and has significantly benefited from collaboration with them.

The Clinical Pharmacology unit had the opportunity to host a team o f experts 

from Trinity College Dublin in 2009. The memorandum o f understanding signed 

at this visit between M akerere University College o f Health Sciences and Trinity 

College, Dublin in 2009 has enhanced collaboration between the two institutions.

Ethical considerations

All studies received scientific and ethics approval from the institutional review 

committees at the IDI, Uganda National HIV/AIDS Research Committee or the 

Makerere University Faculty o f Medicine Research and Ethics committee and 

were registered with Uganda National Council o f Science and Technology and 

ClinicalTrials.gov. All studies were conducted in accordance with GCP 

principles. All study procedures were explained to participants in their local 

languages and information leaflets were provided. All participants provided 

informed written consent prior to study entry. Data were kept in secured cabinets 

and study staff maintained confidentiality o f study participant information. Study 

participation was voluntary. Any individual who declined to participate received 

standard treatment and care from the clinic with no prejudice.

Quality control

The PhD student received hands on training and exposure to clinical 

pharmacology research at the Chelsea Westminster Hospital, London, UK and at 

the department o f Pharmacology and Therapeutics, University o f Liverpool, UK. I 

attended a postgraduate course in clinical pharmacology, drug development, and 

regulation by Tufts Centre for Study o f Drug Development, Tufts University, 

Boston, USA, pharmacokinetic analysis at the University o f  Amsterdam,
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Netherlands and training in Good Clinical Practice (GCP) and advanced human 

subject protection, investigator responsibilities, documentation and essential 

documents, simple and advanced statistics at Makerere University in Kampala, 

Uganda.

SOPs were developed for all study procedures prior to study start. All members o f 

the study team were trained on each study protocol prior to the onset o f the study. 

Study group meetings were conducted regularly to review study progress, address 

any difficulties and provide performance feedback to the members o f the team. 

Data was collected using pre-tested Case Report Forms (CRFs). All CRFs were 

reviewed by the clinical trial investigator. The study clinical monitors reviewed 

all CRFs before start o f the studies for adequacy and again before data entry for 

completeness and accuracy.

Pre-analytical steps such as food and drug intake, sampling methods, sample 

handling, storage and transport to the laboratory were performed according to 

recommended methods (132, 146). On the morning o f sampling all participants 

received standard breakfast before administering study drugs. Intake o f breakfast 

and study drugs was directly observed by study s ta ff Blood was collected in 

polypropylene tubes with anticoagulant (lithium-heparin for stavudine, 

lamivudine, efavirenz, nevirapine plus AL, and fluoride-oxalate for artesunate). 

Fluoride-oxalate prevents degradation o f artesunate by plasma esterases. 

Sampling tubes for artesunate measurement were chilled before samples were 

drawn and samples were transported on ice to the laboratory for processing. All 

tubes were properly labelled and cross-checked for accuracy. All drug 

concentrations were measured from venous plasma obtained by high speed 

centrifugation o f anticoagulated blood. Blood was centrifuged within 60 minutes 

o f  sampling at 1000-3000 times for 7-15 minutes and the separated plasma was 

stored at -80 degrees centigrade until estimation o f  drug concentrations. Plasma 

samples were shipped on dry ice to the respective laboratories for drug 

concentration measurement. All drug measurements were performed using 

validated methods in the respective laboratories. Study screening tests and sample 

processing were performed by experienced laboratory technologists in the MU- 

JHU research laboratory at IDI. To optimise the quality o f thick malaria blood 

slide readings, each slide was read by two expert microscopists. Any
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discrepancies in slide readings were reviewed and resolved by a third 

microscopist.

The initial nevirapine drug assays were performed by standard HPLC with UV 

detection at the Department o f Infectious Diseases, HIV Pharmacology 

laboratory. University o f Turin, Italy. Subsequently we set up nevirapine assays at 

the M U-JHU core laboratory at the IDI where all subsequent nevirapine assays 

were performed. For purposes o f quality control, we collected blood samples in 

duplicate. One set was shipped to Turin for assays while the second set was 

retained at the IDI for assays. The data generated from the two laboratories was 

compared and found to be in agreement.

Adherence assessment

In all the studies presented study participants were given information on the 

importance o f  taking their medication. This information was repeated on each 

study visit. Adherence to medication was assessed using self report as well as pill 

count on each study visit.

Data management

The core components o f the data management system were housed on a Server 

running a Linux operating system with OpenClinica installed. OpenClinica is 

open source clinical trials software for electronic data capture and clinical data 

management. Data from the CRFs were manually entered into Openclinica. 

Study events where defined in OpenClinica to which each CRF was attached. 

Double data entry was configured hence resulting into entry o f each CRF by two 

different data entrants. Openclinica’s discrepancy function enabled correction o f 

any differences between the first and second entry. After the discrepancies were 

corrected, data was extracted into a tab-delimited file and then transferred to the 

STATA format using STATA transfer.

The Openclinica CRFs that contained strong validation rules and regular 

expressions to limit the number o f digits or strings to be entered by the data 

entrants was uploaded to OpenClinica. Openclinica CRFs were designed and 

developed in excel which later acted as a codebook during analysis. It provided a 

description o f  the variable names, option values and variable data types. During
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the process o f  second entry, the data entrant entered a value and i f  that value did 

not exactly  correspond to the value entered during first entry, then an error 

m essage poped-up notifying the second data entrant that the value entered did not 

match w ith the value entered by the first entrant. The second entrant then 

corrected the value or provided a discrepancy reason for the second value i f  there 

w as any difference. The data manager revised all the discrepancies posted in the 

system  to double check the corrections m ade in com parison w ith the paper CRF. 

A ccess and authentication to the O penC linica system  w as at tw o levels; the first 

one being a system  log-in  authentication by the users w ith  their role definitions. 

The system  users alw ays logged on with strong passw ords and their specific  roles 

such as data entry or manager specified . O penclin ica also had an audit trail that 

enabled tracking o f  w hich  data entrant entered sp ecific  data.

Pharm acokinetic analysis

Non-com partm ental analysis w as performed using W inN onlin  Professional™  

softw are, version  5.2 (Pharsight Corp., M ountain V iew , C A , U SA ). Calculated  

pharm acokinetic parameters included; the Cmax, Tmax, C„iin or Ctrough, A U C , CL/F, 

V /F , T )/2 and absorption lag tim e (Tiag). A ll parameters w ere calculated using  

actual blood sam pling tim es. Drug concentrations b e lo w  the low er lim it o f  

quantification (LLO Q ) o f  the bioanalytical assays w ere treated as m issing data. 

The trapezoidal rule (linear-up/log-dow n) w as used to estim ate AU C ; where the 

area o f  a trapezoid is equal to one h a lf the product o f  the sum  o f  the heights tim es 

the w idth as in the equation below;

Area =  (Yi )  (C i  +  C 2) ( t i - t i )  + (V2) ( C 2 + C3)(t3-t2) + ( ' /2 )(C n -l + Cn)(tn-tn-i)

W here C denotes drug concentration, t denotes tim e and the subscript n refers to 

the sam ple number.

Statistical analysis

Data w ere analyzed using STATA® version  10.0 (StataCorp, C ollege Station, 

TX). The different study design required application o f  various statistical tests. 

B aseline study participant characteristics w ere sum m arized into m eans with  

standard error (SE ) or standard deviation and m edians w ith  interquartile range.
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Where comparisons were needed the Independent T-test was performed to test for 

a difference in means for two unrelated groups.

In the bioequivalence study, the pharmacokinetic parameters (AUC and Cma:) 

were assumed to follow the log normal distribution. A log-normal distributicn is a 

continuous probability distribution o f a random variable whose logarithm is 

normally distributed. The geometric means were calculated after log 

transformation o f the original data following which anti-log transformation was 

performed.

In subsequent chapters, pharmacokinetic parameters were summarized into 

medians with range and compared using non-parametric tests such as Wilcoxon 

rank-sum test and W ilcoxon matched pairs test depending on the study design as 

described in the various chapters. In all cases a p value < 0.05 was considered 

statistically significant. This analysis was performed because it was considered 

the most suitable for clinicians to better understand and interpret the data.

For artemether, dihydroartemisinin and lumefantrine; presentation o f Cmn was 

considered inappropriate and therefore Cmax and AUC were calculated. This was 

based on the fact the artemether Cmax has been demonstrated to correlate with 

malaria parasite clearance and total lumefantrine exposure is the main determinant 

o f cure.

Statistical significance may differ from clinical significance. Statistical 

significance measures the likelihood o f occurrence o f an event that is not due to 

chance. In determining statistical significance, p values and confidence intervals 

are used. P values give the probability that the outcome would have been obtained 

by chance while the confidence intervals estimate the range within which the real 

results o f  the outcome would be if  the trial or study was performed many tines. 

The 95% Cl gives the confidence that if  the trial was performed 100 times cne 

would be 95% confident that the true value lies with that interval. Clinical 

significance on the other hand, measures how large the difference in effect is in 

clinical practice. Measures such as relative risk, absolute risk reduction, nunbers 

needed to treat may be used. The magnitude o f the effect considered clinica'ly 

significant depends on the severity o f the disease and side effects o f the treatment.
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My role as the PhD student

As the PhD student, I received training in research methods, statistical analysis, 

GCP among others. I wrote the study proposals and submitted them to the ethics 

committees for review and approval following which I registered the studies with 

ClinicalTrials.gov. I drafted the case record forms sor all studies and with the help 

o f a clinical research team, I screened and enrolled research participants in all the 

studies, performed pharmacokinetic sampling and ensured timely and efficient 

transportation to the laboratory for processing and storage. We provided medical 

care to study participants till the end o f follow-up as necessary. I drafted the 

material transfer agreements for all the studies and submitted them for ethical 

approval following which I shipped samples to the respective laboratories for 

drug assays. Some assays were performed at the_MU-JHU core laboratory at the 

IDI and for these I participated in reviewing all the HPLC data generated. I 

performed all the statistical analysis for all the studies and wrote up the thesis as 

well as the manuscripts for submission to peer-reviewed journals.
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Chapter 2

Comparison of the pharmacokinetics of generic and branded formulations of 

stavudine, lamivudine and nevirapine in HIV-infected Ugandan adults
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2.3 Materials and Methods.........................................................................................

2.4 Results....................................................................................................................
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Introduction

The introduction o f the less expensive generic ART formulations has enabled the 

scale-up o f  A RT in Uganda and other resource limited settings. Until recently, the 

three-drugs-in-one FDC tablet o f generically manufactured Triomune® (stavudine 

40mg, lamivudine 150mg, nevirapine 200mg) was one o f the first-line regimens 

recom mended in the Uganda National ART policy (147). Triomune® existed as 

two formulations; Triomune 40® and Triomune 30®, both manufactured by Cipla 

M umbai, India. Both contained 200mg o f nevirapine and 150mg o f lamivudine, 

however Triomune 40 contained 40mg o f stavudine for patients weighing more 

than 60kg and Triomune 30®contained 30mg o f stavudine for those weighing less 

than 60kg.

The available pharmacokinetic data for Triomune® at the time was limited to a 

single dose study in healthy Indian volunteers which was performed by the
fR)manufacturer o f  Triomune , Cipla, Mumbai (148) and only one independent 

bioequivalence study on the steady state pharmacokinetic parameters o f 

Triomune® in HIV-infected patients in Malawi. O f concern in this study 

Triomune® was found not to be bioequivalent to the originator products with 

significantly higher stavudine levels in the patients on Triomune® when compared 

to the originator product. In this study the patients also reported more side-effects, 

principally peripheral neuropathy, when taking Triomune® and the authors 

postulated that this may have been a result o f the higher stavudine levels. It was 

also noted that nevirapine levels were markedly higher in Malawians compared to 

western subjects o f same weight, possibly due to genetic metabolic differences. 

The authors concluded that similar evaluation o f drug exposure should be 

performed as these medications are introduced to new populations (149).

In Uganda, in vitro drug dissolution studies are conducted by the national drug 

regulatory authority, however, chemical studies conducted in vitro do not 

guarantee optimal drug dissolution and absorption in humans. Although the 

amount o f  drug in the generic tablet may be similar to brand formulations, drug 

pharmacokinetics may differ in vivo. Documentation o f bioequivalence in the 

target population is therefore important. Bioequivalence is a term in 

pharmacokinetics used to assess the expected in vivo biological equivalence of
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two different preparations o f a drug. The United States Food and Drug 

Administration (US FDA) has defined bioequivalence as ‘the absence o f  a 

significant difference in the rate and extent to which the active ingredient or 

active moiety in pharmaceutical equivalents or pharmaceutical alternatives 

becomes available at the site o f drug action when administered at the same molar 

dose under similar conditions in an appropriately designed study (66). 

Bioequivalence is used to compare two formulations o f a single dose o f  drug 

given to healthy volunteers. Intensive pharmacokinetic studies may be performed 

to compare pharmacokinetics o f two formulations in the target population.

2.2 Study objective

To compare the steady-state pharmacokinetic parameters o f stavudine, lamivudine 

and nevirapine in Triomune 40® with the branded products in HIV-infected 

Ugandan adults.

2.3 M aterials and Methods 

Study design

We performed an open label, randomized, cross-over intensive pharmacokinetic 

study. Participants were electronically randomized to either Triomune 40® (Cipla, 

Mumbai, India.) or the patented brand version o f the drugs: Zerit (stavudine, 

Bristol Myers Squibb, Princeton, New Jersey, USA), Epivir® (lamivudine, 

GlaxoSmithKline, Research Triangle Park, North Carolina, USA) and Viramune® 

(nevirapine, Boehringer Ingelheim, Columbus, Ohio, USA). A regimen of 

stavudine 40mg, lamivudine 150mg and nevirapine 200mg was taken twice daily. 

Participants took one tablet twice daily while on the generic formulation 

(Triomune 40®) and one Zerit® capsule, one Epivir® tablet and one Viramune® 

capsule, twice daily while on the branded formulation. All participants took drugs 

for a month prior to pharmacokinetic sampling. Intensive blood sampling was 

performed during administration o f both the generic and branded formulations 

and stavudine, lamivudine and nevirapine plasma concentrations were measured. 

Before discharge from the unit, patients were switched to brand formulations if on 

generic and vice versa and were given the drugs to administer at home. After 28
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days, study subjects were readmitted and blood sampling repeated. All 

participants resumed their pre-study treatment at the end o f the second sampling 

day.

Study participants

A sample size o f 12 was calculated to have 80% power to detect a difference in 

means o f  drug Cmax and AUC between branded and generic formulations based on 

the definition o f bioequivalence using the paired t-test with a significance level o f 

0.05. We anticipated a drop-out rate o f 30%; therefore, planned to enroll 16 

subjects for 12 to complete all pharmacokinetic assessments.

Participants were screened and enrolled consecutively from the cohort o f patients 

attending the IDI clinic. Individuals were eligible to participate if  they were HIV- 

infected and older than 18 years o f age. Patients with liver and renal function test 

parameters greater than 3 and 1.5 times the upper limit o f normal respectively, 

hemoglobin less than 8mg/dl and taking known inhibitors or inducers o f CYP 

enzymes or any herbal medications and pregnant mothers were excluded. All 

participants received cotrimoxazole daily for prophylaxis against opportunistic 

infections.

Study procedures

Participants had detailed explanation o f study procedures at enrolment. They were 

reminded to take their study drugs by telephone. Adherence to study drugs was 

assessed using self report and pill count and information on adverse and serious 

adverse effects was collected. On the evening prior to pharmacokinetic sampling, 

participants were reminded o f their study day appointment and given detailed 

instructions to eat food, administer their medication by 8.00pm and arrive at the 

hospital by 7.00am the next morning in fasting state.

On the study day, patients were admitted in fasting state, an indwelling IV 

cannula was inserted following aseptic technique and blood samples were drawn 

for determination o f pre-dose concentrations o f  study drugs. The intake o f a 

standardized breakfast and morning doses o f study drugs was directly observed by 

study s ta ff Blood sampling was performed at scheduled time points. Four mLs o f 

blood was collected per sampling time in lithium-heparin tubes. Samples were
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centrifuged immediately at 5000 revolutions per minute for 10 minutes and the 

separated plasma was stored at -80 degrees centigrade until estimation o f drug 

concentrations.

Stavudine, lamivudine and nevirapine plasma concentration measurement

Stavudine, lamivudine and nevirapine plasma concentration measurement was 

performed at the Department o f Infectious Diseases, HIV Pharmacology 

Laboratory, University o f Turin, Italy and also at the MU-JHU laboratory at IDI 

in Kampala. Concentrations were measured using solid phase extraction and 

HPLC with photo diode array (HPLC-PDA) (W aters 2695 HPLC system with a 

2998 photo diode array detector). Stock solutions o f stavudine, lamivudine and 

nevirapine were prepared to a final concentration o f 1 mg/ml in HPLC grade water 

and refrigerated at 4 degrees centigrade until use. The highest calibration standard 

(STD 8) and 3 quality control samples were prepared by adding a determined 

volume o f each o f  the stock solutions to blank plasma from healthy donors 

obtained from the blood bank. All other standards were prepared by serial dilution 

from STD 8 to STD 1 using blank plasma to obtain eight different spiked 

concentrations plus a blank sample (STD 0). These known solutions were used to 

make the standard curve. Internal standards were made with quinoxaline 

(7.5ug/mL), for nevirapine, and thymidine (lOug/mL), for lamivudine and 

stavudine, in methanol and HPLC grade water (50:50 vol/vol) and refrigerated at 

4 degrees centigrade until use. The mobile phase was composed o f mobile phase 

A (K H 2P04 50 mM with orthophosphoric acid, final pH = 3.23) and mobile 

phase B (acetonitrile). All patient samples, STDs, and quality controls underwent 

a heat inactivation procedure for HIV (35 minutes at 58°C) and were stored at -20 

degrees centigrade until analysis.

Patient plasma samples for analysis were thawed and 500ul o f  plasma was diluted 

with 500ul o f  HPLC mobile phase A, 50ul o f IS was added to each tube and 

samples were vortexed for 10 seconds. The SPE C-18 cartridges were placed on a 

vacuum elution manifold WAT 200677 (Waters) and activated with ImL o f 

methanol, followed by 1 mL o f HPLC mobile phase A. Loading o f samples was 

carried out under gravity. The cartridges were washed with 500 mL o f HPLC 

mobile phase A, followed by 250 mL of HPLC grade water, and elution was
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carried out using 500 mL of methanol and acetonitrile solution (90:10, vol/vol). 

Eluted solutions were collected into glass tubes and treated by vortex vacuum 

evaporation to dryness at 60 degrees centigrade. Each extract was reconstituted 

with 150 mL o f HPLC grade water and acetonitrile solution (60:40, vol/vol), and 

30 |j,L was injected into the column. Chromatographic separation was performed 

by a Luna 5^ C l8 column (150*4.6 mm ID; Phenomenex, CA) in 30 minutes 

with a gradient, and the run was performed at ImL/min.

Absorbance was monitored at 284nm for nevirapine and quinoxaline, 260 nm for 

lamivudine, stavudine and for thymidine by the PDA detector. Peaks of 

nevirapine (retention time= 23.5±0.1 minutes) lamivudine (retention time = 7.0 

minutes) and stavudine (retention time = 12.1 minutes) were compared with 

calibration curves built on peaks obtained from the STDs and checked with QCs. 

Accuracy and precision were assessed using 15 percent relative standard deviation 

o f  all data for each run. The lower limit o f quantification (LLOQ) was 25, 25 and 

50 ng/mL for stavudine, lamivudine and nevirapine and the limit o f detection was 

5, 5 and 10 ng/mL respectively (101).

Statistical analysis

Descriptive statistics, including mean and SD, were calculated for stavudine, 

lamivudine and nevirapine pharmacokinetic parameters. Within-subject changes 

in drug pharmacokinetic parameters were evaluated by calculating geometric 

mean ratios (GMRs) and 90% confidence intervals (CIs). The concentrations 

measured during branded formulation administration were used as reference. The 

CIs were determined using logarithms o f the individual geometric mean values; 

the calculated values were then expressed as linear values. Steady-state 

pharmacokinetic parameters were compared using the US FDA standards for 

bioequivalence. Parameters were considered similar if  the 90% Cl for the Cmax 

and the AUC fell within the range o f  0.8-1.25 (66).

2.4 Results

A total o f  27 HIV-infected subjects (16 females) were screened between January 

and March 2007; 11 did not meet study eligibility criteria. A total o f 16 (10 

females) completed all sampling phases; their clinical and demographic 

characteristics are illustrated in table 2.1.
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Table 2.1. Baseline characteristics of study participants according to the 

randomization arm

Parameter G en eric s  Brand 

(N-7)

Brand—> Gemric 

(N=9)

Age (years) 36.8 (34-40) 37.4 (33-40)

Weight (kg) 64.5 (63.5-66) 64.7 (63-67)

CD4 count (cells/mm^) 305.3 (220-349) 324.4 (255-34:-)

Females n (%) 5(71) 5(56)

Median (IQR) unless differently specified
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Adherence, safety and tolerability

All participants reported 100% adherence during both study phases. Both the 

branded and generic formulations were well tolerated and no serious adverse 

events were reported while on either arm. All participants preferred the generic 

FDC formulation because o f dosing convenience.

Bioequivalence evaluation

Table 2.2 shows the comparison o f the pharmacokinetic parameters o f generic and 

branded formulations o f stavudine, lamivudine and nevirapine
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Table 2.2. Pharmacokinetic parameters of branded and generic formulations of stavudine, lamivudine 

and nevirapine

Parameter Stavudine Lamivudine Nevirapine

Cmax (ng/mL)*

Branded 

Generic

GMR (90% Cl) 

AUCo-12 (h*ng/ml)* 

Branded 

Generic

GMR (90% Cl)

C  trough (ng/mL)*

Branded

203.5 (±127.7) 

210.3 (±208.4) 

0.92 (0.78-1.08)

685.6 (±219.6) 

579.8 (±231.2) 

0.83 (0.70-0.97)

3.1 (±3.8)

3.4 (±6.1)

1.92(1.54-3.45), 

1.91 (1.21-3.57)

855.2 (±276.6) 

966.8 (±279.6) 

1.11 (0.95-1.30)

5522.7 (±2009.8) 

6039.0 (±2370.8) 

1.06 (0.94-1.2)

190.1 (±98.59)

211.3 (143.9)

4.02 (2.49-10.10) 

3.83 (2.04-7.61)

8594.3 (±3699.0)

7017.3 (±2757.8) 

0.84 (0.64-1.11)

75192.7 (±29294.9)

64338.3 (±19944.6) 

0.88(0.71-1.10)

6394(±4144)

4626(±1462)

15.36 (2.46-81.90) 

17.02 (6.07-255.29)

Generic 

Ti/2 (hours)"  ̂

Branded 

Generic

*mean (±SD); ^median (range); GMR, geometric mean ratio; Cl, confidence interval
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Stavudine

The GMR for stavudine Cmax and AUC were significantly lower for the generic 

compared to the branded formulation. The FDA criteria o f  bioequivalence o f  90% 

CIs o f  the GMR between 0.85 and 1.25 was not met for both Cmax and AUC for 

stavudine; 0.92 (90% Cl, 0.78-1.08) and 0.83 (90% Cl, 0.70-0.97) respectively. 

There was a 17% reduction in stavudine exposure with the generic formulation. 

The Ctrough and T 1/2 for stavudine were not different between the generic and 

branded formulation. Mean (±SD) stavudine Ctrough concentration was 3.1 

(±3.8)ng/m L on the branded and 3.4 (±6.1) ng/mL on the generic formulation. 

Median (range) plasma T 1/2 was 1.91 (1.21-3.57) hours while on the generic and 

1.92 (1.54-3.45) hours while on the branded formulation. Pharmacokinetic 

parameters and profiles o f  generic and branded formulations o f  stavudine are 

shown in table 2.2 and figure 2.1.
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Figure 2.1. Mean plasma concentration-time profile of stavudine over 12 
hours post oral administration of generic (diamond symbol) and brand 
(square symbol) formulations.

250 n

-♦— Stavudine generic 

■m— Stavudine branded
200 ^
150

_ i

 ̂ 100
O)c

-50
Hours post drug administration

Vertical lines represent standard error

82



Lamivudine

The G M R  for lam ivudine Cmax and A U C  w ere c lose  to unity; 1.11 (0 .95-1 .30) and 

1.06 (0 .9 4 -1 .2 0 ) respectively, suggesting sim ilar exposure for the two  

form ulations. H ow ever, only the 90%  Cl for lam ivudine A U C  GM R was within  

0 .80  and 1.25 and met the FD A  criteria for average b ioequivalence (Table 2.2). 

There w ere no significant differences betw een the m ean (± S D ) lam ivudine Ctrough 

concentrations on the tw o formulations; 190.1 (± 9 8 .5 9 ) ng/m L on the branded and 

211.3 (143 .9 ) ng/m L on the generic form ulation. Sim ilarly lam ivudine median  

(range) plasm a T 1/2 was not significantly different on the tw o formulations; 3.83  

(2 .0 4 -7 .6 1 ) hours for the generic and 4 .02  (2 .4 9 -1 0 .1 0 ) hours for the branded 

formulation. Pharm acokinetic profiles o f  generic and branded form ulations o f  

lam ivudine are show n in figure 2.2.
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Figure 2.2. Mean plasma concentration-time profiles of lamivudinc over 12 
hours post oral administration of generic (diamond symbol) and brand 
(square symbol) formulations.
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Nevirapine

Nevirapine plasma concentrations were not significantly different; GMR (90% 

Cl) 0.84 (0.64-1.11) for Cmax and 0.88 (0.71-1.10) for AUG. The generic 

formulation however, had lower concentrations; (16% lower for Cmax and 12% 

lower for AUC). The 90% Cl for GMR o f  both Cmax and AUG were outside the 

predefined limits and did not meet the strict FDA criteria for average 

bioequivalence (Table 2.2).

Mean (±SD ) nevirapine Ctrough concentrations were 6394 (±4144)ng/m L while on 

the branded and 4626 (±1462)ng/m L while on the generic formulation. Six 

subjects (38%) had nevirapine Ctrough concentrations below the MEG o f  3,400 

ng/mL on both formulations (2 on generic and 4 on branded nevirapine). The 

nevirapine median (range) plasma T 1/2 was 17.02 (6.07-255.29) hours for the 

generic and 15.36 (2.46-81.90) hours for the branded formulation.

Pharmacokinetic profiles o f  generic and branded formulations o f  nevirapine are 

shown in figure 2.3.
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Figure 2.3. Mean plasma concentration-time profiles of nevirapine over 12 
hours post oral administration of generic (diamond symbol) and brand 
(square symbol) formulations.
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2.5 Discussion

The pharmacokinetic profiles o f stavudine, lamivudine and nevirapine in generic 

Triomune 40® were similar to those o f the branded products; Zerit® (stavudine, 

Bristol Myers Squibb, Princeton, New Jersey, USA), Epivir® (lamivudine, 

GlaxoSmithKline, Research Triangle Park, North Carolina, USA) and Viramune® 

(nevirapine, Boehringer Ingelheim, Columbus, Ohio, USA). The strict US FDA 

standards for bioequivalence testing (66) were not met for nevirapine and 

stavudine parameters, however the differences were minimal and unlikely to be o f 

clinical relevance. Bioequivalence studies may not be clinically relevant; but 

Ctrough is clinically relevant especially when dealing with drugs that have low 

genetic barrier to resistance such as nevirapine.

There was lower nevirapine exposure in this study compared to that in a study 

performed in Malawi (149). The difference is likely due to genetic differences in 

rates o f biotransformation o f nevirapine. The functional single nucleotide 

polymorphism (516G>T) and CYP2B6 516 variant alleles are associated with 

higher nevirapine concentrations with TT versus GG individuals having higher 

nevirapine exposure. A 17% prevalence o f this mutation was reported in a small 

Ugandan study (40). A higher prevalence o f this and/or other polymorphisms in 

M alawians could account for the differences. Studies are needed to study the 

distribution o f these polymorphisms within the African populations.

The need for optimal plasma concentrations o f  nevirapine above the MEC is 

crucial because o f nevirapine’s low genetic barrier to resistance. Nevirapine 

pharmacokinetics in this study were similar for the two formulations and steady 

state concentrations were adequate and above MEC for the majority o f patients 

(11 out o f 16 for the generic and 10 out o f 16 for the branded). A few patients had 

nevirapine Cmax values above the MTC o f 6690ng/ml however; no serious adverse 

events were reported.

Triomune 40® produced lower stavudine concentrations compared to Zerit®. 

Stavudine is a pro-drug that requires intracellular phosphorylation to the active 

form. Intracellular concentrations rather than plasma concentrations correlate with 

virological suppression. The 17% reductions in the AUC o f stavudine may not be 

clinically significant in patients with uncomplicated disease or those without
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comorbidities; but become significant if  patients have existing co-factors that 

further reduce concentrations. Our findings contrast to those o f  the Malawi study 

that reported a 12% increase in stavudine with Triomune 40®. Reasons for this are 

unclear and not related to changes in manufacturing practice arising from the 

reports o f the Malawi study because the Triomune 40® tablets used in our study 

were produced before those data were known.

Given that Triomune 40® was one o f commonest generic formulations prescribed 

at the time o f study design, our data were very encouraging and supported its use
• (It) •to facilitate the roll-out o f ART. However Triomune 40 is no longer 

recommended for HIV treatment in view o f accumulated evidence on the 

significant toxicity arising from stavudine (150-152). In addition to providing 

evidence on pharmacokinetics o f generic ART, this study confirmed the 

feasibility o f  performing pharmacokinetic studies in Kampala. Experience gained 

was applied to the subsequent studies in which we investigated pharmacokinetic 

drug interactions o f  LPV/r, efavirenz and nevirapine with AL. These are 

presented in the subsequent chapters.
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3.1 Introduction

Malaria and HIV contribute to significant morbidity in sub-Saharan Africa. 

Treatment of HIV-malaria co-infected patients has several challenges such as the 

potential for drug-interactions. Drug bioavailability may be influenced by CYP 

mediated drug-drug interactions. Ritonavir and lopinavir inhibit CYP3A4 and 

induce CYP1A2, 2B6, 2C9 and 2C19 (21-22, 153). Artemether and lumefantrine 

which offer excellent efficacy against sensitive and multi-drug resistant 

Plasmodium falciparum  are both metabolized by CYP enzymes including 

CYP3A4/5 for artemether and lumefantrine and CYP2B6, 2C9, 2C19 and 

possibly 2A6 for artemether (132, 139). Elimination of dihydroartemisinin occurs 

after conversion to inactive metabolites via U G T lA l, 1A8/9 and 2B7 (138). The 

principal pharmacokinetic correlate for antimalarial cure is the total exposure to 

lumefantrine (139), although artemether and dihydroartemisinin play a significant 

role of rapidly clearing parasites from circulation.

Co-administration of LPV/r with AL to malaria-HIV co-infected patients may 

result in drug interactions with enhanced artemether and lumefantrine plasma 

concentrations. Whereas elevated plasma concentrations may be beneficial for 

malaria cure, they may cause adverse effects. In a previous study of healthy 

volunteers co-administration of LPV/r with AL resulted in significantly increased 

exposure to lumefantrine, decreased dihydroartemisinin and a trend towards 

decreased artemether exposure (141). Because drug pharmacokinetics may differ 

in healthy volunteers compared to diseased patients we investigated the 

pharmacokinetics o f artemether, dihydroartemisinin and lumefantrine after 

administration of a single dose of AL 80/480mg to HIV-infected adults taken with 

and without LPV/r. To avoid unknown adverse effects, we administered a single 

dose o f AL to HIV-infected patients without malaria.

3.2 Study objective

To compare the pharmacokinetics of AL when administered as FDC to HIV- 

infected patients receiving LPV/r and HIV-infected ART naive patients.
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3.3 Materials and Methods 

Study design

We performed a two-arm parallel intensive pharmacokinetic study. Arm 1 

consisted o f ART naive HIV-infected participants who were not yet eligible for 

A RT according to national guidelines and the second arm consisted of 

participants stable on 400/1 OOmg of LPV/r plus 2 NRTIs for at least one month. 

All participants in the second arm took the non refridgerated formulation o f LPV/r 

(Aluvia®)

Study participants

Participants were screened and enrolled consecutively from the cohort o f patients 

attending the IDI clinic. Individuals were eligible to participate if  they were HIV- 

infected and older than 18 years o f age. Patients with liver and renal function test 

parameters greater than 3 and 1.5 times the upper limit o f normal respectively, 

abnormal cardiac function, positive blood smears for malaria, hemoglobin less 

than 8mg/dl and those taking known inhibitors or inducers o f  CYP enzymes or 

any herbal medications and pregnant mothers were excluded. All participants 

received cotrimoxazole daily for prophylaxis against opportunistic infections.

Study procedures

Participants had detailed explanation o f study procedures at enrolment. They were 

reminded to take their study drugs by telephone. Adherence to study drugs was 

assessed using self report and pill count and information on adverse and serious 

adverse effects was collected. On the evening prior to pharmacokinetic sampling, 

participants were reminded o f their study day appointment and given detailed 

instructions to eat food, administer their medication by 8.00 pm and arrive at the 

hospital by 7.00 am the next morning in fasting state.

On the study day, patients were admitted in fasting state, an indwelling IV 

cannula was inserted following aseptic technique and blood samples were drawn 

for determination o f pre-dose concentrations o f  study drugs. Because food 

especially fatty food enhances absorption o f  both artemether and lumefantrine 

(132) all participants received standard breakfast consisting o f tea with milk, 

unleavened flat bread (chapatti), stuffed pastry (samosa) and bread with
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margarine plus a single AL dose o f 4 tablets equivalent to 80/480mg o f AL 

(Coartem®, Novartis Pharma AG, Basel, Switzerland). Patients in the LPV/r arm 

took 400/1 OOmg o f LPV/r (Aluvia®, Abbott laboratories, US) plus 2 NRTIs 

(zidovudine plus lamivudine or stavudine plus lamivudine) with their AL dose. 

The intake o f a standardized breakfast and morning doses o f  study drugs was 

directly observed by study staff. Intensive sampling was performed and 

artemether, dihydroartemisinin plus lumefantrine plasma concentrations 

measured.

Blood sampling was performed at scheduled time points. Four mLs o f blood was 

collected per sampling time in lithium-heparin tubes. Samples were centrifuged 

immediately at 3000 revolutions per minute for 10 minutes and the separated 

plasma was stored at -80 degrees centigrade until estimation o f drug 

concentrations.

Artemether, dihydroartemisinin and lumefantrine concentration  

measurement

Artemether, dihydroartemisinin and lumefantrine concentrations were measured 

at the Clinical Pharmacology Laboratory, M ahidol-Oxford Tropical Medicine 

Research Unit, Mahidol University, Bangkok, Thailand. Artemether and 

dihydroartemisinin concentrations were measured using solid phase extraction 

and liquid chromatography-mass spectrometry (154). Internal standards were 

stable isotope-labeled artemether and dihydroartemisinin. Artemether and 

dihydroartemisinin were quantified using an API 5000 triple quadrupole mass 

spectrometer (Applied Biosystems/MDS SCIEX, Foster City, USA) with a 

TurboV™  ionization source interface operated in the positive ion mode. 

Quantification was performed using selected reaction monitoring for the 

transitions m/z 302-163 and 307-166 for dihydroartemisinin and stable isotope- 

labeled dihydroartemisinin, respectively, and 316-163 and 320-163 for artemether 

and stable isotope-labeled artemether, respectively. Total-assay coefficients of 

variation (CV) for dihydroartemisinin and artemether during analysis were less 

than 5% at all quality control levels. The LLOQ for both drugs was 1.4 ng/mL. 

Lumefantrine concentrations were determined using a solid phase extraction 

liquid chromatographic assay with ultra-violet (UV) detection (155). The internal
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standard was a hexyl analogue o f desbutyl-lumefantrine obtained from Novartis 

Pharma AG (Basel Switzerland). The coefficient o f variation during the analysis 

was less than 6 at all quality control levels. The LLOQ was 25 ng/mL (155).

Statistical analysis

Data were analyzed using STATA® version 10.0 (StataCorp, College Station, 

TX). Baseline characteristics were summarized into means with standard error 

(SE) and compared using the independent T-test. Pharmacokinetic parameters 

were calculated using WinNonlin software and summarized into medians with 

range and compared using the W ilcoxon rank-sum test. A p value < 0.05 was 

considered statistically significant.

3.4 Results

Twenty nine participants completed the 72 hour pharmacokinetic sampling. 

Analyses were performed on data from all the 29 participants; 16 (9, 56% female) 

in the AL plus LPV/r arm and 13 (9, 69% female) in the AL arm who completed 

pharmacokinetic sampling. All participants taking LPV/r arm had viral load 

suppressed below the level o f detection o f 400 copies/ml while median (IQR) 

viral load was 49,786 (6668 -195321) copies/ml in the AL arm. Participants in the 

two study arms were comparable on other baseline characteristics measured 

(Table 3.1); except the hemoglobin which was significantly higher among 

participants taking LPV/r (mean (SE) 14.4 (0.2) vs 12.6 (0.5) mg/dl p = 0.003).
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Table 3.1. Baseline characteristics of study participants

Variable AL + LPV/r arm 

Mean (SE)

AL arm  

Mean (SE)

P value

Age (yrs) 38.2(1.4) 34.5 (2.0) 0.1

Weight (kgs) 64.8 (3.1) 63.8 (2.6) 0.8

Height (cms) 166.3 (2.0) 160.1 (2.2) 0.05

BMI 23.6(1.1) 25.1 (1.3) 0.3

Hb (mg/dl) 14.4 (0.2) 12.6(0.5) 0.003

AST (ul) 25.7(1.9) 30.3 (3.5) 0.2

ALT (ul) 16.5 (1.2) 35.6(14.9) 0.1

QTc (ms) 418.2 (5.1) 411.5 (5.1) 0.3

CD4 count not included though advised
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Effect of LPV/r on artemether and dihydroartemisinin

W ith the exception o f Tmax, all parameters for artemether were significantly 

different between the two study arms (Table 3.2). Artemether Cmax and AUC were 

significantly reduced by 50% and 42% respectively, during co-administration 

with LPV/r. Pharmacokinetic profiles o f artemether with and without LPV/r are 

shown in figure 3.1.
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Figure 3.1. Mean (±SE) plasma concentration versus time o f artemether with 

and without LPV/r
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Artemether clearance and volume o f distribution were significantly increased by 

66% and 38% respectively during AL co-administration with LPV/r.

Parameters for dihydroartemisinin were not influenced by LPV/r co­

adm inistration (Table 3.2). Pharmacokinetic profiles o f dihydroartemisinin with 

and without LPV/r are shown in figure 3.2.
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Table 3.2. Artemether, dihydroartemisinin and lumefantrine pharmacokinetics with and without LPV/r

AL 
(N= 13)

AL plus LPV/r 
(N=16)

Parameter Median (range) Median (range) p value
Artemether
Cmax(ng/rnL) 112(20-362) 56 .7 (17-236) 0.03
Tmax (hr) 1 ( 1 - 4 ) 2 (0.75 - 4) 0.38
CL/F (L/hr) 295 (69- 817) 492 (129-1805) <0.01
V/F (L) 1072 (593 -2651) 1487 (762 - 3485) 0.02
T m  (hr) 2.5 (1 .2 -5 .9 ) 1.6 (0 .9 -6 .6 ) 0.04
AUCo-iast (hrxng/mL) 264 (92- 1129) 151 (38 -606) <0.01
Dihydroartemisinin
Cmax (ng/mL) 66 .9 (10 - 111) 73 (31 -224) 0.55
Tmax (hr) 2 ( 1 - 4 ) 2 (0 .7 5 -4 .1 ) 0.89
CL/F (L/hr) 350 (210.27- 942.07) 424 (280 - 626) 0.23
V/F (L) 922.34 (498.77- 4779.16) 876 (734- 1315) 1
T ,/2 (hr) 1.8 (1 .3 -3 .5) 1.51 (1.01-2.69) 0.06
AUCo-iast (hrxng/mL) 213 (68 -343) 175 (118 -262) 0.27
Lumefantrine
Tlag (hr) 1 (0-4.03) 1 (0-1.02) 0.16
Cmax (ng/mL) 2532(1071 -5957) 7097 (2396 - 9462) <0.01
Tmax(hr) 8(3.9 - 12) 8 (4 - 12.03) 0.26
Ti/2 (hr) 23.6 (6.25 - 51.6) 31.4 (24.2-43.7) <0.01
AUCo-iast(hrxng/mL) 41119(12850- 125200) 199678 (71205 -251015) <0.01
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Figure 3.2. Mean (±SE) plasma concentration versus time of 
dihydroartemisinin with and without LPV/r
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Effect of LPV/r on lumefantrine pharmacokinetics

Lum efantrine C^ax, A U C  and T 1/2 were significantly increased w hile clearance 

and volum e o f  distribution were significantly decreased during co-adm inistration  

o f  A L w ith LPV/r (Table 3.2). Clearance w as decreased by 82% and volum e o f  

distribution decreased by 54% during AL administration w ith LPV/r, 

correspondingly; lumefantrine Cmax w as increased more than 2-fold  w hile the 

A U C  increased more than 4-fold  during co-adm inistration w ith LPV/r. 

Pharm acokinetic profiles o f  lumefantrine w ith  and w ithout LPV/r are shown in 

figure 3.3.
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Figure 3.3. Mean (±SE) plasma concentration versus time of lumefantrine 

with and without LPV/r
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Discussion

Co-adm inistration o f  A L with LPV/r significantly increased artemether clearance 

with consequent significant reduction in artemether exposure. Dihydroartem isinin  

pharm acokinetic parameters w ere not affected by LPV/r. Lumefantrine clearance 

significantly decreased w ith consequent significant increase in exposure.

W ith the exception  o f  dihydroartemisinin, data from our H IV -infected participants 

are sim ilar to those from the only published study by German et al conducted  

am ong 13 healthy volunteers (141). The previous study demonstrated a trend 

towards decreased artemether exposure, significant reduction in 

dihydroartem isinin and significant increase in lum efantrine exposure fo llow ing  

standard 6-dose A L administration with LPV/r (141). Inhibition o f  C Y P3A 4 is the 

m ost likely  explanation for the increased lum efantrine exposure, g iven  that 

lum efantrine m etabolism  is m ainly by C Y P 3A 4 w hich  is inhibited by LPV/r. The 

reduction in artemether exposure is unexpected since C Y P 3A 4 is said to be the 

predominant C Y P enzym e in the m etabolism  o f  artemether (132). H ow ever other 

CYP enzym es including C Y P2B 6, 2C 9, 2C 19 and possib ly  2A 6 are involved in 

artemether m etabolism  (132) and LPV/r w as show n to induce them  (22). The 

observed decreased artemether exposure is likely due to induction o f  these 

enzym es by LPV/r.

W e found non-sign ificantly low er total dihydroartem isinin exposure with LPV/r 

co-adm inistration. This contrasts w ith data by German et al and reasons for this 

are unclear. It m ay be due to the small numbers and large inter-individual 

variability. D ihydroartem isinin is converted to inactive m etabolites via U G T lA l,  

1A 8/9 and 2B 7. Induction and inhibition o f  U G T s by xenobiotics have been  

described previously and LPV/r w as demonstrated to inhibit UGTs; l A l ,  1A3, 

1A4, 1A6, 1A9 and 2B 7 (76-77 , 156). This how ever, does not provide an 

explanation for our findings.

Artemether and dihydroartem isinin are very potent antimalarial agents with very 

short h a lf lives. Lumefantrine has a m uch longer T 1/2 and m ainly clears residual 

parasites, preventing recrudescence (135). H igher artemether and 

dihydroartem isinin exposure decreases parasite clearance time, (137) but the 

major determinant o f  radical cure is lum efantrine exposure (157). G iven that HIV- 

malaria co-in fected  patients present w ith higher parasite counts (91, 98) which is
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an independent predictor o f poor treatment response (120), reduction in 

artemether exposure may predispose patients to severe malaria due to slower 

parasite clearance. Our findings should be extrapolated to clinical relevance with 

caution given that we administered a single AL dose whereas a six-dose AL 

regim en is administered for malaria treatment. The reduction in artemether 

exposure by LPV/r after the single AL dose may be offset by the increase in 

lumefantrine exposure. However, rapid clearance o f  artemether and reduced 

clearance o f  lumefantrine may create pharmacokinetic mismatch possibly 

exposing parasites to lumefantrine monotherapy with risk for development of 

resistance.

The parallel study design was adequate for the objectives o f this study but may be 

a limitation since it did not take the great inter-individual variability o f artemether 

into account. However, comparison o f pharmacokinetic exposures in the same 

individuals using the sequential design was not possible given that LPV/r is used 

for second-line HIV treatment in this study setting. Due to inadequate capacity we 

were unable to evaluate the effect o f AL on LPV/r pharmacokinetics, however, in 

a previous study AL did not affect LPV/r pharmacokinetics (141).

In conclusion, co-administration o f AL with LPV/r significantly reduces 

artemether exposure with increase in lumefantrine exposure. Reduction in 

artemether exposure may cause slower parasite clearance. High lumefantrine 

exposure may offer additional benefit, however, the reduced artemether exposure 

causes pharmacokinetic mismatch with exposure to lumefantrine monotherapy 

and risk for drug resistance. High lumefantrine concentrations may be associated 

with enhanced toxicity. In the next chapter we present data on the cardiac safety 

o f co-administration o f AL with LPV/r.
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4.1 Introduction

Concerns over safety o f LPV/r became more crucial following the FDA alert on 

LPV/r cardiotoxicity (158). Safety information on LPV/r includes warnings and 

precautions regarding QT/QTC interval and PR interval prolongation. According 

to the revised safety label, LPV/r prolongs the PR interval, and cases o f second- 

or third-degree atrioventricular block have been reported in some patients. Indeed 

LPV/r should be used with caution in patients at increased risk o f  developing 

cardiac conduction abnormalities, such as those with underlying structural heart 

disease, preexisting conduction system abnormalities, ischemic heart disease, or 

cardiomyopathies (158).

The effect o f co-administration o f LPV/r with drugs that prolong the QTc and PR 

interval has not been determined and should be undertaken with caution. Clinical 

monitoring is recommended during co-administration o f LPV/r with drugs 

metabolized by CYP3A (158) such as lumefantrine. Lumefantrine has some 

structural similarity to halofantrine which is cardiotoxic mainly causing QTc 

prolongation. Since lumefantrine has structural similarity with halofantrine, a 

drug associated with cardiac arrythmias and sudden death (159-161) the effects of 

enhanced lumefantrine concentration resulting from drug interactions need to be 

investigated. Vigilant monitoring and evaluation o f the effects o f increased 

lumefantrine exposure on cardiac function is warranted. We co-administered a 

single dose o f  AL with LPV/r and monitored cardiac function for adverse effects. 

This study was part o f the study presented in chapter 3.

.2 Study Objective

To assess the cardiac safety o f co-administration o f a single dose o f AL 

(80/480mg) with LPV/r in HIV-positive Ugandan adults.

4.3 M aterials and Methods

Study site, design and population

This study was performed as part o f the study described in chapter 3, using the 

same participants with the same study drugs.
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Study Procedures

Medical history, physical examination, vital signs, renal and liver function tests, 

blood smears for malaria parasites, ECGs and urine screens for pregnancy were 

performed at screening. On the study day, medical history, physical examination, 

vital signs examination and a blood smear for malaria parasites were repeated 

We collected information on adverse drug events and serious adverse drug events. 

Standard 12-lead electrocardiograms (ECG) were recorded at screening, 

immediately prior to dosing (T=Ohour), and continuously for 12 hours post dose 

o f AL. Patients were discharged after 12 hours and returned for the following 

three mornings (T= 24, 48, 72 hour) for a single ECG tracing. QTc-intervals were 

calculated using the Bazett formula (QTc = QT^VRR) to correct for the influence 

o f heart rate. A senior cardiologist evaluated the PR, QRS and QT intervals 

visually on the ECG.

Statistical analysis

Data were analyzed using SPSS version 12.0 and STATA version 10.0. 

Continuous variables were summarized into means and medians. Means were 

compared using the Independent T-test. A p-value <0.05 was considered 

statistically significant.

4.4 Results

A total o f  72 HIV-positive patients (41, 65% females) were screened between 

January and June 2009; 32 were enrolled with 16 in each arm. 40 (56%) were 

excluded as follows; 20 (28%) did not consent to enrollment after screeing, 2 

(3%) had malaria with a positive blood smear and received treatment with a 

complete dose f  AL, 1 (1%) was pregnant, 7 (10%) had sinus tachycardia, 1 (1%) 

had sinus bradycardia, 4 (6%) had ischaemic changes on ECG, 3 (4%) had first 

degree AV block and 2 (3%) had arrhythmias (Figure 4.1 ).
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Figure 4.1 Flow chart to show participants screened, excluded and enrolled

16 ART naive

32 Enrolled

72 HIV positive patients screened

16 taking LPV/r based ART

40 Excluded
• 20 did not consent to

enrollment after screening
• 2 had malaria
• I was pregnant
• 7 had sinus tachycardia
• 1 had sinus bradycardia
• 4 had ischaemic changes
• 3 had first degree AV block
• 2 had arrhythmias
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Baseline characteristics o f study participants are presented in Table 3.1 in chapter 

3. The QTc interval measured in milliseconds (ms) at baseline was higher for 

participants taking LPV/r although the difference was not statistically significant. 

There were no serious adverse events during the study period. ECG parameters 

(heart rate, PR-interval, QRS-complex and QTc) remained well within normal 

limits in both study arms. The mean QRS-complex and QTc interval post AL 

administration were higher in the LPV/r arm compared to the ART naive arm 

(87.4 vs 82.8 ms, p=0.06 and 421 vs 404ms, p= 0.03, respectively) but the mean 

PR-interval was significantly higher in the ART naive arm (154 vs 169ms, 

p=0.02) (Table 4.1).
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Table 4.1. Mean ECG parameters in milliseconds post AL dosing

Variable LPV/r arm 

Mean (SD)

ART naive arm 

Mean (SD)

Heart rate 69 (8.1) 71 (5.9)

PR 154(18.4) 169(15.9)

QRS 87.4 (6.6) 82.8 (6.6)

QTc 421 (20.0) 404 (20.7)
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Mean (SD) change in QTc interval values from the pre-AL QTc interval values 

was greater for the ART naive arm compared to the LPV/r arm; 6.7 (15.4) vs -0.8 

(13), p= 0.17. The QTc interval measurements for participants in both study arms 

remained within normal ranges over the 72 hour period (Table 4.2). The values 

for QTc at 24 hours and 72 hours were higher for participants taking LPV/r, 

however none were greater than the upper limit of normal (450ms for males and 

470ms for females). These data were published (162).

110



Table 4.2. Median QTc interval measurements post AL dosing

Time QTc (milliseconds) 

Median (IQR)

p value

LPV/r arm ART naive arm

Screening 415(403-439) 395 (388-425) 0.14

12hour 415 (404-439) 419 (403-427) 0.7

24 hour 424 (401-434) 406 (393-411) 0.02

48 hour 411 (396-432) 409 (401-419) 0.7

72 hour 424 (416-441) 408 (392-417) 0.004
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4.5 Discussion

In this study, we found that HIV-positive patients taking LPV/r had a higher QTc 

interval prior to administration o f AL compared to HIV-positive ART naive 

patients, nevertheless, the difference was not statistically significant. It is possible 

that this could have been a result o f the effects o f LPV/r on the heart; however, 

we can not establish a causal relationship since we did not have QTc 

measurements for these patients prior to initiation o f LPV/r. This however, raises 

concern especially in view o f the recent FDA alert over the effects o f LPV/r on 

the heart. Indeed the label for LPV/r includes warnings and precautions regarding 

QT/QTc interval and PR interval prolongation (158).

Although lumefantrine exposure was markedly elevated with LPV/r (chapter 3), 

all patients tolerated study drugs very well with no evidence o f cardiac conduction 

abnormalities (162). Although the QTc interval for participants who took LPV/r 

with AL was significantly higher than that for participants who took AL without 

LPV/r at 72 hours post dosing, the difference could not be attributed to LPV/r 

because participants in the LPV/r arm had higher baseline QTc interval. The QTc 

interval values remained well within normal limits for participants in both study 

arms. It is possible that the increment in the QTc intervals could have been higher 

if  patients had received the standard six-dose AL regimen. Previous studies found 

no changes in the QTc interval after a single dose o f AL in healthy volunteers 

(163-164), however, these were conducted in patients with malaria without 

LPV/r. Since we do not know what levels and effects o f lumefantrine would result 

if  the standard six-dose AL regimen is co-administered with LPV/r in HIV- 

malaria co-infected patients, we suggest close clinical monitoring of patients 

during concomitant administration o f LPV/r with AL until more data become 

available.
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5.1 Introduction

Efavirenz is a NNRTI, used as part o f first-line ART regimens in Uganda. It is 

administered in an adult dose o f 600mg daily and metabolized mainly by 

CYP2B6 with some involvement o f 3A4, into hydroxylated inactive metabolites 

which undergo subsequent glucuronidation before elimination (15, 20, 165). In 

combination with 2 NRTIs efavirenz offers good clinical efficacy. It is the 

preferred NNRTI in combination with 2 NRTIs for ART naive patients in sub- 

Saharan Africa.

Efavirenz is also used for post exposure prophylaxis in combination with 2 NRTIs 

(20). For low risk exposure, a 2-drug combination which may be either 

zidovudine or tenofovir plus lamivudine or emtricitabine is used while a 3-drug 

combination made up o f the 2 drugs above plus efavirenz or a protease inhibitor is 

recommended for high risk exposure. Due to potent induction o f hepatic C YP3 A4 

by efavirenz (21, 166-167) clinically relevant CYP mediated drug-drug 

interactions occur when it is co-administered with CYP substrates such as 

rifampicin. Co-administration with rifampicin decreases efavirenz plasma 

concentration (114). Efavirenz decreases rifabutin plasma concentration (168). 

Clarithrom ycin’s AUC and Cmax decrease by 39% and 26% respectively, when 

co-administered with efavirenz (169). Efavirenz significantly decreased 

methadone concentrations resulting in manifestations o f opiate withdrawal 

warranting an increase in the maintenance dose o f methadone (170-171). 

Anticonvulsant agents such as carbamazepine, phenobarbitol and phenytoin, oral 

contraceptives, St. John’s wort {Hypericum perforatum) and midazolam interact 

with efavirenz (20, 172). Efavirenz significantly decreases plasma concentrations 

o f atazanavir, fosamprenavir, indinavir, lopinavir nelfmavir, and saquinavir such 

that dose adjustment, boosting with ritonavir and close monitoring are required 

when co-administered (20, 173-174).

Both artemether and lumefantrine are metabolized via cytochrome (CYP) 

enzymes, predominantly CYP3A4 (132, 135). The key pharmacokinetic 

determinant o f  cure is the area under the concentration time curve (AUC) of 

lumefantrine (137). In multidrug-resistant areas, day-seven lumefantrine 

concentration is a surrogate marker for AUC and a threshold venous plasma
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concentration o f 280ng/mL predicts treatment failure (137, 139). More recently 

this threshold has been reduced to 175ng/mL (157).

Since efavirenz is a potent inducer o f CYP3A4 and 2B6, co-administration with 

AL has potential for drug interactions (83, 175-176). We hypothesized that co­

adm inistration o f AL with efavirenz reduces artemether and lumefantrine 

exposure. We compared pharmacokinetics o f AL and efavirenz when 

administered alone and in combination to HIV-infected adults.

5.2 Study objective

To compare the pharmacokinetic parameters o f artemether, dihydroartemisinin, 

lumefantrine and efavirenz when AL and efavirenz are administered alone and in 

combination to HIV-infected patients.

5.3 Materials and Methods 

Study participants

Twenty-seven participants provided 80% power to reject the null hypothesis that 

lumefantrine ALFC estimated during administration o f AL without efavirenz is 

equivalent to lumefantrine AUC during adm inistration o f AL with efavirenz. We 

anticipated a 10% drop out rate so enrolled 30 participants.

Participants were screened and enrolled consecutively from the cohort o f patients 

attending the IDI clinic. Individuals were eligible to participate if they were HIV- 

infected and older than 18 years o f age. Patients with liver and renal function test 

parameters greater than 3 and 1.5 times the upper limit o f normal respectively, 

hemoglobin less than 8mg/dl, abnormal cardiac function and positive blood 

smears for malaria, pregnant mothers and those taking known inhibitors or 

inducers o f CYP enzymes or any herbal medications were excluded. All 

participants received cotrimoxazole daily for prophylaxis against opportunistic 

infections.

Study design and procedures

We performed a one-sequence cross-over intensive pharmacokinetic study. 

Participants had detailed explanation o f  study procedures at enrolment. All 

participants received a standard 6-dose AL regimen (Coartem®, Novartis Pharma
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AG, Basel, Switzerland) prior to and at efavirenz steady-state. Each AL dose 

consisted o f 4 tablets, each tablet containing 20mg artemether and 120mg 

lumefantrine (total 80mg artemether/480mg lumefantrine). Study procedures were 

carefully explained to participants with clear instructions not to take any 

medication not prescribed by the study physicians. Participants were encouraged 

to come back to the clinic on their appointment days as well as any other time 

they felt unwell. Pharmacokinetic sampling was performed in three phases as 

shown in the study scheme in figure 5.1.
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Figure 5.1. Study 3 scheme

Phase 1

Day 4 

AL

Phase 2

Day 34 C

Phase 3

Day 52

Efavirenz + 2NRTIs AL+ efavirenz + 2NRTIS

AL pharmacokinetics

steady-state efavirenz/nevirapine pharmacokinetics

steady-state AL + efavirenz/nevirapine pharmacokinetics
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In phase 1, participants received AL (Coartem®, Novartis Pharma AG, Basel, 

Switzerland) and sampling was performed for artemether, dihydroartemisinin and 

lumefantrine plasma concentration measurement. In phase 2, participants were 

initiated on efavirenz at a dose o f 600mg daily in combination with 2NRTIs; 

zidovudine plus lamivudine or tenofovir disoproxil fumarate plus emtricitabine. 

When participants had achieved ART steady-state (after 1 month) blood sampling 

was performed for efavirenz plasma concentration measurement.

In phase 3, participants received both six-dose AL and efavirenz based ART and 

samples were drawn for artemether, dihydroartemisinin, lumefantrine and 

efavirenz concentration measurement.

Participants were reminded to take their study drugs by telephone. Adherence to 

study drugs was assessed using self report and pill count and information on 

adverse and serious adverse effects was collected. On the evening prior to 

pharmacokinetic sampling, participants were reminded o f their study day 

appointment and given detailed instructions to eat food, administer their 

medication by 8.00 pm and arrive at the hospital by 7.00am the next morning in 

fasting state.

On the study day, patients were admitted in fasting state, an indwelling IV 

cannula was inserted following aseptic technique and blood samples were drawn 

for determination o f pre-dose concentrations o f study drugs. The intake o f a 

standardized breakfast and morning doses o f study drugs was directly observed by 

study staff. Breakfast consisted o f unlevened flat bread (chapatti), stuffed pastry 

(samosa), bread with margarine and tea with milk. Blood sampling was performed 

at scheduled time points. Four mLs o f blood was collected per sampling time in 

lithium-heparin tubes. Samples were centrifuged immediately at 3000 revolutions 

per minute for 10 minutes and the separated plasma was stored at -80 degrees 

centigrade until estimation o f drug concentrations.

Efavirenz concentration measurement

Efavirenz plasma concentration measurement was performed at the Department o f 

Pharmacology and Therapeutics, Makerere University College of Health 

Sciences. Concentration was determined by reverse-phase HPLC with UV 

detection using a previously validated method. The mobile phase consisted o f
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30% acetonitrile, 30% methanol, 4 mmol F ’ potassium hydroxide and 

10 mmol r '  acetic acid (pH 4.3).

Plasma proteins were precipitated with acetonitrile before centrifuging. 

Supernatant (6 |al) was injected and eluted at 0.80 ml min ' for 3.5 min. The 

retention time for efavirenz was 2.42 min as detected at UV-VIS 1,210 nm, UV- 

VIS 2, 220 nm. This method was linear, with a within-day coefficient of variation 

of 3.2, 3.3 and 5.1% at concentrations of 2.0 |J.M {n= 17), 8.0 |iM {n= 17), and 

20 |iM («= 16), respectively, and a between-day coefficient of variation o f 4.1% 

{n= 50). The LLOQ for the method was set at 0.35 |j,M.

Artcm ether, dihydroartemisinin and lumefantrine concentration 

m easurem ent

Artemether, dihydroartemisinin and lumefantrine concentrations were measured 

at the Clinical Pharmacology Laboratory, Mahidol-Oxford Tropical Medicine 

Research Unit, Mahidol University, Bangkok, Thailand as described in chapter 3.

Statistical analysis

Baseline characteristics were summarized into medians with interquartile range 

(IQR) and pharmacokinetic parameters into medians with range. Comparison of 

pharmacokinetic parameters was made with the Wilcoxon matched-pairs signed- 

rank test. A p-value <0.05 was considered statistically significant. Comparisons 

between treatments were made using individual ratios of parameters calculated for 

each participant by dividing AL parameters obtained during co-administration of 

AL with efavirenz to parameters obtained during AL administration as reference. 

Similarly for efavirenz, individual ratios were calculated by dividing efavirenz 

parameters obtained during co-administration of efavirenz with AL to parameters 

obtained during efavirenz administration as reference. Individual ratios were 

calculated for patients with parameters from both phases and summarized into 

medians with range.

5.4 Results

Pharmacokinetic data were available for all the 30 participants; (20, 66% female). 

Participants’ characteristics are shown in table 5.1.
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Table 5.1. Baseline characteristics of study participants

Parameter (N=30)

Females n (%) 20 (66)

Age (years)* 38 (33 .7-43 .0)

Weight (kgs)* 62.5 (55 .0 -68 .2 )

Height (cm)* 160.4(154.6- 168.5)

BMI* 23.0 (20 .6 -25 .8 )

CD4 (cells/uL) 158 (7 6 -2 5 6 )

*Presented as median (IQR)
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In phase 1; artemether pharmacokinetic parameters were calculated for 29 o f 30 

participants and dihydroartemisinin parameters for all 30 participants. One 

participant whose artemether pharmacokinetic parameters were not calculated had 

artemether plasma concentration quantified 4 hours post dosing with the next 

concentrations less than the LLOQ while dihydroartemisinin was measured all 

through the sampling time.

In phase 3; artemether parameters were calculated for 22 o f 30 and 

dihydroartemisinin parameters for 25 o f 30 participants. O f the participants whose 

artemether and dyhidroartemisinin parameters were not calculated; two had 

artemether below LLOQ and one o f these had dihydroartemisinin below LLOQ 

throughout the sampling period. Six participants had very low artemether 

concentrations at 2 and 4 hours post dosing after which levels fell less than LOD. 

Four o f these had very low dihydroartemisinin quantified once post dosing. 

Lumefantrine parameters were calculated for all 30 participants in both phases.

Effect o f efavirenz arm on artemether, dihydroartemisinin and lumefantrine 

pharmacokinetics

Pharmacokinetic exposure o f artemether, dihydroartemisinin and lumefantrine 

was significantly reduced during co-administration o f AL with efavirenz (Table 

5.2)
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Table 5.2. Comparison of pharmacokinetics of artemether, dihydroartemisinin and 
lumefantrine with and without efavirenz

Parameter Median (range) Median (range)
Median (range) of 
Individual Ratio p value

AL AL plus efavirenz
Artemether (N = 22) (N = 22)
Cmax(ng/niL) 29 (1 0 -2 4 7 ) 12 (2 - 88) 0.2 (0.03 - 2.6) <0.01
Tmax (hr) 2 ( 1 - 4 ) 1 ( 1 - 4 ) 0.9 (0.2 - 2) 0.05
CL/F (L/hr) 591 (80 - 2273) 2558 (414-9960) 3.1 (0.4 -35) <0.01
V/F(L) 4523 (374- 10402) 4715 (1078 -28925) 1.6 (0.2 -20) 0.02
T ,/2  (hr) 4 ( 1 - 2 4 ) 1.8 (0 .6 -4 ) 0.5 (0.07-3.1) <0.01
AUCo-iast(hrxng/mL) 119(26-917) 25 (5 - 185) 0 .17(0 .03-2 .3) <0.01
AUCo-oo (hrxng/mL) 135 (35 -997) 31 (8-192) 0.32 (0.03 -2.1) <0.01
Dihydroartemisinin (N = 22) (N = 22)
Cmax (ng/mL) 120 (39-230) 26 (4-114) 0.27 (0.05 - 0.9) <0.01
Tmax (hr) 2 ( 1 - 4 ) 2 ( 1 - 4 ) 1 (0.25 - 3.9) 0.78
CL/F (L/hr) 216(82-382) 844 (234 - 5704) 3 .6 (1 .2-19 .2) <0.01
V/F (L) 754 (212 - 1494) 2082 (608 - 14013) 2 .6 (1 .2-18 .6) <0.01
Ti/2 (hr) 2 ( 1 - 5 ) 1 (0.8 - 3) 0.6 (0.3 - 1.1) <0.01
AUCo-iast (hrxng/mL) 341 (187- 908) 84 (8 -321) 0.2 (0.03 - 0.8) <0.01
AUCo-oo (hrxng/mL) 352(199-921) 90(13 -325) 0.2 (0.05 - 0.8) <0.01
Lumefantrine (N = 30) (N = 30)
Cmax (ng/mL) 8737 (4073 - 20470) 6331 (2996- 16576) 0.7 (0.2- 1.7) 0.03

280370(105127- 124381 (26992- <0.01
AUCo-iast (hrxug/mL) 774338) 309305) 0.4 (0.07- 1.3)

122



Artemether CL/F and V/F significantly increased (591 vs 2558L/hr, p<0.01 and 

4523 vs 4715L, p=0.02, respectively) with consequent significant reduction in the 

Cmax and AUC by 58% (29 vs 12ng/mL, p<0.01) and 77% (119 vs 25hrxng/mL, 

p<0.01) respectively when co-administered with efavirenz. Pharmacokinetic 

profiles o f  artemether with and without efavirenz are shown in figure 5.2.
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Figure 5.2. Mean (±SE) plasma concentration versus time of artemether with 

and without efavirenz
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Dihydroartemisinin CL/F and V/F significantly increased (216 vs 844L/hr, 

p<0.01) and (754 vs 2082L, p<0.01, respectively) while the Cmax and AUC 

significantly reduced by 94% (120 vs 26ng/mL, p<0.01) and 75% (341 vs 

84hrxng/mL, p<0.01) respectively during AL co-administration with efavirenz. 

Pharmacokinetic profiles o f dihydroartemisinin with and without efavirenz are 

shown in figure 5.3.
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Figure 5.3. Mean (±SE) plasma concentration versus time of 

dihydroartemisinin with and without efavirenz
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Lumefantrine Cmax and AUC were significantly reduced by 25% (8737 vs 

6331ng/mL, p=0.03) and 55% (280370 vs 124381hrxng/mL p<0.01) respectively 

with efavirenz co-administration. Pharmacokinetic profiles o f lumefantrine with 

and without efavirenz are shown in figure 5.4.
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Figure 5.4. Mean (±SE) plasma concentration versus time of lumefantrine 

with and without efavirenz

_  12000 

■i 10000g)
8000

o
2 6000 

g 4000

AL only 

< — A L plus efavirenz

u 2000

20 40 60 80 100 120 140-2000

Time post dosing (hours)

Vertical lines represent standard error

128



Day 7 concentrations were significantly lower during co-administration with 

efavirenz, during which mean (range) was 204 (35 -  686) compared to 684 (249 -  

1969) ng/mL without efavirenz, p<0.01. Two o f 30 (7%) participants had day 7 

lumefantrine concentration less than 280ng/mL without efavirenz compared to 21 

out o f 30 (70%) with efavirenz. Using the 175ng/mL day 7 threshold; no 

participant had less than this threshold when AL was taken without efavirenz 

compared to 17 out o f 30 (57%) when AL was taken with efavirenz.

Efavirenz pharmacokinetic parameters

Efavirenz Cmax and AUC were not affected by AL co-administration (3.77 vs 4.02 

ug/mL, p=0.7 and 1.99 vs 2.07hrxug/mL, p=0.7) respectively. Median (IQR) 

efavirenz Ctrough was not affected by co-administration with AL (4.2 (1.3 -  4.2) vs 

3.8 (2.1 - 4 .6 )  Ug/mL, p = 0.7).

5.5 Discussion

In this study we investigated interactions between AL and efavirenz in HIV- 

infected Ugandan adults. Co-administration o f  AL with efavirenz significantly 

reduced artemether, dihydroartemisinin and lumefantrine exposure. The reduction 

in artemether, dihydroartemisinin and lumefantrine exposure is most likely due to 

induction o f CYP3A4 and 2B6 by efavirenz (14, 21, 176). Mechanisms o f 

induction involve both decreased enzyme degradation and enhanced protein 

synthesis by increasing transcriptional activation o f messenger ribonucleic acid. 

The hPXR and hCAR regulate expression o f  CYP3A4 and 2B6 genes. 

Transactivation o f these receptors leads to upregulation o f CYP3A4 and 286 

activity. Efavirenz activates the hPXR and hCAR, markedly increasing CYP3A4 

and 2B6 functional activity (76, 167). Efavirenz has mixed effects on CYP3A4, 

with inhibition during acute and induction during chronic exposure (176). 

Induction is more likely in this study given that we measured concentrations at 

steady-state. Activation o f the hPXR and hCAR can induce specific UGTIA 

isoforms,(77) which likely explains the reduction in dihydroartemisinin exposure. 

Our data implies that reduced AL exposure due to these drug interactions may 

predispose to decreased parasite clearance, slower symptom resolution and 

treatment failure with risk for development o f drug resistance. Extrapolation o f
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data from our study to clinical relevance should be performed in consideration o f 

changes in drug bioavailability during acute disease states. Previous studies 

demonstrated low bioavailability o f AL with acute malaria and higher 

concentrations during recovery from malaria (136, 177), due to improvement in 

food intake and changes in volume o f distribution. Population pharmacokinetic 

studies would have yielded information from the target HIV-malaria co-infected 

population, however, the cross-over study design which was most suitable for our 

research question and for minimizing inter-individual variability was not feasible 

with the population pharmacokinetic studies in HIV-malaria co-infected patients. 

Although drug metabolism may be influenced by presence or absence o f disease, 

the effect is unlikely to differ in HIV-malaria co-infected patients. More so, HIV- 

malaria co-infected patients are more likely to present with more severe disease 

and less likely to return to normal food intake early. In conclusion efavirenz 

significantly reduced AL exposure which is likely to result in antimalarial 

treatment failure.

An important question may arise on the ethical onsiderations made in the design 

o f this study. Using the sequential study design meant that participants had a 

period o f  time during which they did not receive ART. These participants were 

ART naive at the start o f the study although were eligible to receive ART. As 

occurs in many health facilities in Uganda, not all HIV-infected individuals who 

need ART are receiving it due to several reasons such as drug stock outs, poor 

health seeking behavior etc. All study participants were eligible to start ART; 

however had not initiated due to inadequate ART stock at the time. Enrollment in 

the study was voluntary and the study provided participants with an opportunity to 

access ART. The study team provided adequate pre-ART counseling, and 

consenting participants were initiated on ART. Therapy continued as 

recommended post study completion. In the next chapter we present data on AL 

interactions with nevirapine, a study performed in the same study setting with the 

same study design.
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6.1 Introduction

Nevirapine is a NNRTI prescribed widely for treatment o f HIV-infected ART 

naive patients. In combination with 2 NRTIs, nevirapine offers good efficacy in 

suppression o f HIV. In addition nevirapine plays a significant role in prevention 

o f mother to child HIV transmission. Given that efavirenz is not prescribed to 

pregnant mothers in the first trimester as well as women with pregnancy 

intentions, nevirapine is preferentially prescribed for these populations.

Due to the potent induction o f CYP3A4 and 2B6, nevirapine demonstrates 

pharmacokinetic interactions with CYP substrates (14). Studies demonstrated 

clinically significant drug interactions when nevirapine was co-administered 

with methadone (170, 178). Women using oral contraceptives may require 

alternate methods o f birth control when receiving nevirapine due to reduced 

concentrations o f the contraceptives (179). Initiation o f nevirapine in HIV- 

tuberculosis co-infected patients receiving rifampicin led to sub-therapeutic 

nevirapine concentrations on day 21 after either the nevirapine dose escalation 

regimen or the 200mg twice daily regimen (180) and co-administration with 

rifampicin led to marked reduction in nevirapine trough concentrations (181).

The populations in whom nevirapine will most likely be prescribed are also the 

same populations at higher risk for malaria infections such as very young children 

and pregnant mothers. Given the widespread availability o f ACTs, co­

administration o f nevirapine with AL is highly likely. However there is very 

scanty data on the pharmacokinetic interactions that may occur when nevirapine 

is co-administered with AL. Data is limited to one study among HIV-infected 

participants without malaria, that demonstrated significantly increased 

lumefantrine exposure when AL was co-administered with nevirapine (142). We 

investigated the pharmacokinetics o f artemether, dihydroartemisinin, lumefantrine 

and nevirapine when AL and nevirapine were administered alone or in 

combination.

6.2 Study objective

To compare the pharmacokinetics o f artemether, dihydroartemisinin, lumefantrine 

and nevirapine administered alone or in combination to HIV-infected adults.
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6.3 Materials and Methods 

Study design

The study design, participant selection and procedures were performed as 

described in chapter 5. Participants received nevirapine instead o f efavirenz at a 

dose o f  200mg once daily for the first 2 weeks then 200mg twice daily thereafter 

in combination with 2NRTls. Pharmacokinetic sampling was performed as in 

chapter 5. Artemether, dihydroartemisinin and lumefantrine concentrations were 

measured at the Clinical Pharmacology Laboratory, M ahidol-Oxford Tropical 

Medicine Research Unit, Mahidol University, Bangkok, Thailand as described in 

chapter 3.

Nevirapine plasma concentration measurement

Nevirapine concentrations were measured using reversed-phase HPLC with UV 

detection at MU-JHU Research Laboratory, at IDI, using a validated method 

developed at the University o f Liverpool (182). The LLOQ was 450ng/mL. Inter- 

assay and intra-assay CV were 8.2% and 6.1%, respectively.

Statistical analyses were performed as described in chapter 5.

6.4 Results

A total o f 30 participants were enrolled; one was discontinued due to non 

compliance to study procedures and one developed severe immune reconstitution 

inflammatory syndrome with tuberculosis following ART initiation and died. 

Participants’ characteristics are shown in table 6.1.
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Table 6.1. Baseline characteristics of study participants

Parameter (N=28)

Females n (%) 27 (96)

Age (years)* 33.5 (28 .0 -36 .0 )

Weight (kgs)* 54.5 (48 .0 -62 .0 )

Height (cm)* 156.9 (1 5 1 .0 - 159.0)

BMI* 21 .9 (19 .6 -26 .3 ).

CD4 (cells/uL) 195 (41 -2 6 9 )

^Presented as median (IQR)
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Pharmacokinetic data were available for 28 participants (27, 96% female). In 

phase 1; artemether and dihydroartemisinin parameters were calculated for all the 

28 participants. In phase 3; artemether parameters were calculated for 21 o f 28 

participants and dihydroartemisinin parameters for all 28 participants. 

Lumefantrine parameters were calculated for all 28 participants in both phases. 

Among the participants whose parameters were not calculated, five participants 

had artemether quantified for 4 hours post dosing after which concentrations were 

less than LLOQ. Two participants had artemether less than LLOQ throughout the 

sampling period.

Effect o f nevirapine on artemether, dihydroartemisinin and lumefantrinc 

pharmacokinetics

The pharmacokinetic parameters o f artemether and dihydroartemisinin were 

significantly affected by co-administration o f  AL with nevirapine while 

lumefantrine parameters remained unaffected (Table 6.2).
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Table 6.2. Pharmacokinetic parameters of artemether, dihydroartemisinin and lumefantrine

with and without nevirapine

Parameter Median (range) Median (range)
Median (range) of 
Individual Ratio p value

AL AL plus nevirapine Individual ratio
Artemether (N = 21) (N = 21)
Cmax(ng/niL) 28.5 (3.4-254) 11.6 (3.01 -232) 0.32 (0.04 - 2.71) <0.01
Tmax (hr) 2 (1 - 4.05) 2 (1 -4 .0 5 ) 1 (0.25 - 4.05) 0.2
CL/F (L/hr) 601 (102-7271) 1983 (119-9267) 3.57 (0.64 - 20) <0.01
V/F (L) 4095 (866-18886) 7748 (429 - 37946) 2.07 (0.24 - 9.66) <0.01
Ti/2 (hr) 4.08 (1.26-21.03) 2.94 (0 .3 4 - 13.76) 0.58 (0.13 -2.02) 0.04
AUCo-iast(hrxng/mL) 123 (7 -756) 34 (6 -  653) 0.24 (0.04- 1.58) <0.01
AUCo-oo (hrxng/mL) 133 (11 - 781) 40 (8 -  670) 0.28 (0.05-1.56) <0.01
Dihydroartemisinin (N = 21) (N = 21)
Cmax (ng/mL) 107 (55 -217) 59 .2(16-222) 0.57 (0.21 - 1.57) <0.01
Tmax (hr) 2(1 -4.05) 2 .0 2 (1 -4 .1 ) 1 (0.25 - 2.03) 0.7
CL/F (L/hr) 201 (9 6 -3 4 1 ) 327(111 - 1206) 1.66 (0.66-3.98) <0.01
V/F (L) 750 (220- 1767) 930 (284 - 2640) 1.28 (0.33 -3.25) 0.02
T ,/2 (hr) 2.22 (1.49-6.05) 1.93 (1.24-3.07) 0.72 (0.33 - 1.44) <0.01
AUCo-iast (hrxng/mL) 364(216-780) 228 (59 - 674) 0.59 (0.25 - 1.56) <0.01
AUCo-oo (hrxng/mL) 379 (224 - 794) 233 (63 - 683) 0.6 (0.25-1.53) <0.01
Lumefantrine (N = 28) (N = 28)
Cmax (ng/mL) 10000 (2000-18000) 7591 (3000-30000) 1.05 (0.4-1.9) 0.6

291671 (79000- 229605(77000-
AUCo-iast (hrxng/mL) 699000) 760000) 0.89 (0.31-2.13) 0.4

136



Artemether CL/F and V/F increased (601 vs 1983L/hr, p<0.01) and (4095 vs 

7748L, p<0.01) while Cmax and AUC reduced by 59% (28.5 vs 11.6ng/mL, 

p<0.01) and 72% (123 vs 34hrxng/mL p<0.01) during co-administration with 

nevirapine. Pharmacokinetic profiles o f artemether with and without nevirapine 

are shown in in figure 6.1.
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Figure 6.1. Mean (±SE) plasma concentration versus time of artemether with 
and without nevirapine
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Dihydroartemisinin CL/F and V/F increased (median: 201 vs 327 L/hr, p<0.01) 

and (750 vs 930 L p=0.02) while Cmax and AUC reduced by 44% (107 vs 

59.2ng/mL p<0.01) and 37% (364 vs 228 hr^ng/m L p<0.01) during co­

administration with nevirapine. Pharmacokinetic profiles o f dihydroartemisinin 

with and without nevirapine are shown in in figure 6.2.
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Figure 6.2. Mean (±SE) plasma concentration versus time of 

dihydroartemisinin with and without nevirapine
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Lumefantrine Cmax and AUC were unaffected by nevirapine (median 10000 vs 

7591ng/mL, p=0.6 and 291671 vs 229605hrxng/m L p=0.4) Pharmacokinetic 

profiles o f lumefantrine with and without nevirapine are shown in in figure 6.3.

141



Figure 6.3. Mean (±SE) plasma concentration versus time of lumefantrine 
with and without nevirapine
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There was no difference in day-seven lumefantrine concentrations with and 

without nevirapine for which the median (IQR) was 453 (252 -  646) compared to 

607 (385 -  842) ng/mL, p=0.1. Two o f 28 (7%) participants had day-seven 

lumefantrine concentration less than the threshold o f 280ng/mL without 

nevirapine compared to 8 o f 28 (28%) with nevirapine. Using the 175ng/mL day- 

seven threshold; one participant had less than the threshold without nevirapine 

compared to none with nevirapine.

Nevirapine pharmacokinetics

Nevirapine exposure was reduced during co-administration with AL. Nevirapine 

Cmax and AUC reduced by 42% (8620 vs 4958ng/ml, p<0.01) and 46% (66329 vs 

35728hrxng/m L, p<0.01). Median (IQR) nevirapine Ctrough was reduced during 

co-administration with AL (6406 (3364 -  8455) vs 4382 (2807 -  6188)ng/ml, p = 

0.026). Two o f 28 participants (7%) compared to 7 o f 28 (25%) had nevirapine 

Ctrough below the MEC of 3000 ng/ml during co-administration o f nevirapine 

without and with AL respectively.

6.5 Discussion

In this study, co-administration o f AL with nevirapine, significantly reduced 

artemether and dihydroartemisinin exposure. Total lumefantrine exposure was 

non-significantly reduced possibly due to small numbers. The reduction in 

artemether and lumefantrine exposure is most likely due to induction o f CYP3A4 

and 2B6 by nevirapine. Like efavirenz, nevirapine activates the hPXR and hCAR, 

markedly increasing CYP3A4 and 2B6 functional activity (76, 167). The 

reduction in dihydroartemisinin exposure is likely due to activation o f the hPXR 

and hCAR inducing specific U GTIA  isoforms.

Our data contrasts with data from the South-African study in which co­

administration o f AL with nevirapine resulted in elevated lumefantrine 

concentration (142). Drug bioavailability varies with factors such as differing 

genetics, disease and concomitant medication as discussed in chapter one (183) 

which could explain the differences between the two study findings. Another 

plausible explanation for the different findings is the difference in study designs. 

The South African study was performed using a parallel study design which is
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prone to bias from inter-individual variability. The cross-over study design 

facilitated comparison using patients as self-matched controls minimizing inter­

individual variability. We further minimized pharmacokinetic variability with 

restrictive eligibility criteria. The predominantly female study population reflects 

both the demographics o f the HIV/AIDS pandemic and use o f nevirapine as first- 

line treatment for women o f child-bearing age. It is unlikely that this influenced 

our results.

We minimized errors by training study staff, ensuring food intake before AL 

administration as recommended by the manufacturer (132), providing adequate fat 

to enhance AL absorption, use o f SOPs for all study procedures, accurate labeling 

o f sampling containers, processing o f samples within 30 minutes o f collection, 

centrifugation at 3000 revolutions per minute and storage at -80 degrees 

centigrade which keeps artemether and lumefantrine stable for more than 2 years 

(146).

From a clinical perspective, our data implies that reduced artemether and 

dihydroartemisinin exposure due to drug interactions between AL and nevirapine 

may predispose to slower parasite clearance with slower symptom resolution. 

However, as discussed in chapter five above, extrapolation o f data from our study 

to clinical relevance should be performed in consideration o f changes in drug 

bioavailability during acute disease states. In both studies presented, we compared 

AL pharmacokinetics pre and post ART initiation. It is possible that the 

intervention (ART) and consequent immune reconstitution could have some 

impact on AL pharmacokinetics that may not arise from the effect o f drug 

interactions but from changes in the pharmacokinetic processes in the body 

therefore explaining some o f the differences observed in AL pharmacokinetics pre 

and post ART.

Nevirapine exposure was significantly reduced during co-administration with AL, 

possibly due to the autoinduction o f CYP3A4. Artemether also induces CYP3A4 

and could have contributed to this effect. In m alaria endemic areas, recurrent 

malaria attacks occur and individuals get re-treated. In the unlikely event that the 

reduction in nevirapine concentration was due to induction o f CYP3A4 by 

artemether, recurrent co-administration o f AL with nevirapine may predispose to 

intermittent sub-therapeutic nevirapine concentrations predisposing to ART
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failure with risk for development o f resistance. On this basis, alternative 

antimalarial regimens may be prescribed for HIV-infected patients receiving 

nevirapine containing ART until more data become available.

In conclusion, co-administration o f AL with nevirapine resulted in significant 

reduction in artemether, dihydroartemisinin and nevirapine pharmacokinetic 

exposures which are likely to result in malaria treatment failure.

In chapters 5 and 6 co-administration o f AL with efevairenz or nevirapine resulted 

in reduction o f antimalarial plasma concentrations which are likely to predispose 

patients to malaria treatment failure. This is great concern especially because AL 

is the first-line treatment for uncomplicated malaria in Uganda. Uncomplicated 

malaria if  not adequately treated complicates into severe malaria. Severe malaria 

requires prompt treatment with highly efficacious drugs. Therapeutic 

concentrations o f the antimalarial drugs used for severe malaria treatment should 

be achieved as soon as possible once the diagnosis is made. I therefore set out to 

investigate the pharmacokinetics o f artesunate during treatment o f severe malaria. 

Artesunate is a new antimalarial drug in the Uganda, soon to be introduced to the 

public sector, with great promise in the treatment o f severe malaria. In the next 

chapter we present a description o f the clinical response and pharmacokinetic 

profile o f IV artesunate during treatment o f severe malaria in adults.
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Chapter 7

Clinical response and pharmacokinetic proflle of intravenous artesunate 

during treatment of severe malaria in Ugandan adults
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7.2 Study objective...................................................................................................

7.3 Materials and Methods.......................................................................................

7.4 Results..................................................................................................................

7.5 Discussion............................................................................................................
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7.1 Introduction

Severe malaria a major cause o f death particularly in rural areas that are not 

adequately serviced by the formal health system. However, even under ideal 

conditions in specialized hospitals, the case fatality rate still remains unacceptably 

high. It is a medical emergency associated with an immediate threat to life 

therefore requires prompt treatment with effective therapy. The increasing 

seriousness o f this problem calls for the need to evaluate and embrace new 

interventions for the management o f this disease.

The current first-line treatment for severe malaria in Uganda is intravenous (IV) 

quinine. Artesunate was recently approved as an alternative to IV quinine. 

Artesunate is a water soluble artemisinin derivative with faster schizonticidal 

action and improved clinical outcome compared to quinine. Studies done in Asia 

comparing IV artesunate with IV quinine showed significant reduction in risk o f 

death, parasite clearance time, and hypoglycaemia with artesunate compared to 

quinine (107). A recent study in Africa demonstrated superiority o f artesunate 

over quinine (108). Artesunate is increasingly used as the first-line drug in the 

treatment o f severe malaria especially in Asia. In addition to being highly 

effective, artesunate is devoid o f major side-affects and its use does not warrant 

sophisticated or intensive monitoring. This makes it highly attractive as it can be 

used even in remote peripheral centres, where the need for rapid schizonticidal 

drugs is greatest.

Studies on the pharmacokinetics o f IV artesunate in healthy volunteers and 

patients with complicated and severe malaria have been reported previously (113- 

115, 184). However, translating clinical efficacy and pharmacokinetic data from 

one human population to another requires confirmation that pharmacology, 

pharmacokinetics and clinical response are similar to what was found in the first 

population. Since there were no data on the pharmacokinetics o f IV artesunate in 

treatment o f  severe malaria in Ugandan patients and the results from the African 

study on efficacy o f artesunate were not yet published, we performed this study to 

assess the pharmacokinetic profile and clinical response to IV artesunate during 

treatment o f severe malaria in Ugandan adults.
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7.2 Study objective

To describe the pharmacokinetic profile and clinical response to IV artesunate 

during treatment o f  severe malaria in Ugandan adults.

7.3 Materials and Methods 

Study participants

A sample size o f  14 participants was selected to describe the pharmacokinetic 

profile o f IV artesunate. This number was adequate for an intensive 

pharmacokinetic study for which the number o f participants recommended is 

between 10 and 20 (146).

Study participants were adults with severe malaria requiring parenteral therapy. 

Participants were screened and enrolled consecutively from the patients attending 

the emergency clinic o f Mulago Hospital. Participants were enrolled if they 

were 18 years o f age and above, with a positive blood smear for P. falciparum  

mono-infection, no another obvious cause o f the fever or symptoms and at least 

one laboratory or clinical feature o f severe malaria requiring parenteral therapy. 

Patients with history o f antimalarial intake within the last 72 hours, receiving any 

herbal medication or known inhibitors or inducers o f CYP enzymes and pregnant 

mothers were excluded.

Study design

We performed an open label intensive pharmacokinetic study and monitored 

participants’ clinical response using physical examination and serial blood smears 

for malaria parasite density.

Study procedures

Participants were admitted to the private ward o f Mulago Hospital for treatment 

and monitoring. They received supportive therapy in accordance with the national 

severe malaria treatment guidelines. All participants received baseline evaluation 

including; thorough history, physical examination and laboratory investigations. 

Blood samples were collected by fmger-prick for malaria smears and veni­

puncture for hematocrit, serum lactate, glucose, renal and liver function tests. All 

participants received IV artesunate (Guilin Pharmaceutical Factory, Guangxi,
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People’s Republic o f China), for a minimum o f 24hours, as 2.4mg/kg at the start, 

then 1.2mg/kg at 12 hours from start o f treatment and 1.2mg/kg/day until they 

could tolerate oral therapy at which point oral AL was administered as a standard 

six-dose regimen o f Coartem® (Novartis Pharma AG, Basel, Switzerland).

Serial thick blood films and estimation o f parasite densities were performed at 0, 

0.5, 1, 2, 3, 4, 6, 8, 10, 12, 16, 18, 20, and 24hours and every 6hours until 6 hours 

after parasite clearance. Parasite smears were repeated one week post discharge 

from hospital. Blood smears were stained with 2% Giemsa stain for thirty 

minutes, and parasite densities were calculated by counting the number o f asexual 

parasites per 200 white blood cells (WBC) using the patient’s WBC count per ul 

o f blood.

Intensive pharmacokinetic sampling o f  venous blood was performed for 

artesunate and dihydroartemisinin concentration measurement at 0 (predosing), 5, 

10, 15, 30, 45 minutes, Ihr, 1.5hr, 2hr, 3hr, 4hr, 5hr, 6hr, 8hr and 12 hours post 

dosing. Four mis o f blood was collected at each time point in fluoride-oxalate 

tubes from the arm opposite that used for drug administration. All sampling tubes 

were chilled prior to blood draws and all samples were chilled immediately after 

withdraw to prevent artesunate degradation by plasma esterases. Blood was 

centrifuged within 30 minutes to minimize hemolysis, and the separated plasma 

was stored below -80 degrees centigrade till analysis.

Artesunate concentration measurement

Artesunate concentration was measured at the Clinical Pharmacology Laboratory, 

M ahidol-Oxford Tropical Medicine Research Unit, Mahidol University, Bangkok, 

Thailand. Concentrations o f artesunate and dihydroartemisinin were determined 

by solid-phase extraction and liquid chromatography-tandem mass spectrometry 

on an API 5000 triple-quadrupole mass spectrometer (Applied Biosystems/MDS 

SCIEX, Foster City, CA) with a TurboV ionization source operated in the positive 

ion mode (185). Stable isotope-labeled artesunate (SIL-artesunate) and stable 

isotope-labeled dihydroartemisinin (SIL-dihydroartemisinin) were used as internal 

standards. Total assay coefficients o f variation for artesunate and 

dihydroartemisinin were <5% for inter- and intraday precisions. The LLOQ for 

artesunate and dihydroartemisinin were 1.2 and 2.0 ng/ml, respectively.
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Statistical analysis

Participant baseline characteristics were summarized into medians with 

interquartile range (IQR). For pharmacokinetic analysis, we assumed total 

conversion o f artesunate to dihydroartemisinin. Pharmacokinetic parameters were 

summarized into medians with range. Parasite density was log transformed and 

summarized into median with IQR. Parasite clearance time was defined as the 

time taken to clear all parasites from circulation ie time until the first o f two 

sequential negative thick blood smears.

7.4 Results

Demographics of study participants

A total o f 14 adults (9, 64% female) admitted with severe malaria were enrolled. 

At admission participants, had been ill for a median (IQR) o f 7 (3 -  7) days. One 

participant had been ill for 14 and another 21 days. Some participants had more 

than 1 feature o f severe malaria as follows; 2 (14%) reported severe vomiting, 5 

(36%) had jaundice, 2 (14%) had extreme weakness with inability to sit or stand, 

10 (71%) were dehydrated, 1 (7%) had hyperpyrexia and (1, 7%) had 

hemoglobinuria. Mean (range) parasite density at baseline was 22,924 (500 -  

79950) parasites/ul. All participants received acetaminophen (paracetamol) for 

fever and pain relief. No other non-study medications were administered. Baseline 

clinical and laboratory characteristics o f study participants at admission are shown 

in table 7.1.
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Table 7.1. Clinical characteristics o f study participants at admission

Parameter M edian (IQR)

Age (years) 24 (20 -35)

Weight (kgs) 56.3 (5 4 -6 2 .5 )

BMI 20 (1 8 .8 -2 3 .3 )

Axillary temperature (^C) 37.1 (36.5 - 38.8)

Respiratory rate (/min) 24 (24 -  26)

Pulse rate (/min) 106 ( 9 5 -  113)

Systolic blood pressure (mmHg) 1 1 4(106 -  128)

Diastolic blood pressure (mmHg) 73 (69 -  82)

Hemoglobin (mg/dl) 1 2 .9 (1 1 .2 -1 4 .2 )

Serum creatinine (g/dl) 63.5 ( 5 4 - 7 5 )

Serum bilirubin (umol/L) 30 (1 5 .2 -8 7 .6 )

Platelet count (/ml) 121500 (8 4 0 0 0 -  183000)

Serum lactate (mmol/L) 3.25 (1 .9 -4 .1 )

Blood sugar(mmol/L) 4.8 (4 .4 -6 .1 )
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Clinical response

All study participants tolerated artesunate very well and reported very rapid 

recovery from symptoms; with ability to take oral medication within 24 hours. No 

immediate adverse events were recorded. None o f the participants required 

additional medication. The mean (range) parasite clearance time was 16.5 (10 -  

24) hours. Dynamics o f individual parasite clearance are shown in figure 7.1 with 

geometric mean parasite density plotted against time post start o f treatment in 

figure 7.2. Blood smears for all participants remained negative for malaria 

parasites at one week post discharge from hospital. Only 1 patient had 

gametocytes at baseline and these cleared within 4 hours post start o f treatment.
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Figure 7.1. Dynamics of individual parasite clearance
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Figure 7.2. Geometric mean parasite density plotted against time post start 

of treatment
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Pharmacokinetics of artesunate and dihydroartemisinin

Pharm acokinetic parameters and profiles for artesunate and dihydroartem isinin  

are sum m arized in table 7.2 and figure 7.3. M edian (range) artesunate Cmax w as 

3260 (1 0 2 0 -1 6 4 0 0 0 ) ng/m L, terminal elim ination T I /2  w as 0 .25 (0 .1 -1 .8 ) hours 

and A U C  w as 727 (290-1 1 1 2 5 6 ) hr*ng/mL. M edian (range) dihydroartem isinin  

Cmax w as 3140  (1 6 7 0 -9 5 3 0 ) ng/m L, dihydroartem isinin T 1/2 w as 1.3 (0 .8 -2 .8 )  

hours and dihydroartem isinin A U C  w as 3492 (2 1 8 3 -6 3 3 8 ) hr*ng/m L. There was 

no correlation betw een  total artesunate or total dihydroartem isinin exposure and 

parasite clearance tim es (Spearm an’s rho correlation coeffic ien t -0 .12  and -0 .18  

respectively).
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Table 7.2. Pharmacokinetic parameters of artesunate and 

dihydroartemisinin

Artesunate

(N=14)

Dihydroartemisinin

(N=13)

Parameter M edian (range) Median (range)

Dose (mg) 140(111-190) 103 ( 8 2 -  140)

Cniax (ng/mL) 3260 (1020 - 164000) 3 1 4 0 (1 6 7 0 -9 5 3 0 )

Tmax (hr) 0.09 (0 - 6.07) 0 .1 4 ( 0 - 6 .0 7 )

CL (L/hr) 180(1 -6 5 2 ) 32.25 ( 1 6 - 5 5 )

V ( L ) 68.51 (0.18 - 818) 59.73 (2 6 -  117)

T i /2 (hr) 0.25 (0.11 - 1.82) 1.31 (0.89 -2 .87 )

AUCo-iast (h r X ng /m L ) 727 (2 9 0 -  111256) 3492 (2183-6338)

159



Figure 7.3. Mean (±SE) plasma concentration versus time o f artesunate and 
dihydroartemisinin
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7.5 Discussion

W e studied the cHnical response to and pharm acokinetics o f  IV artesunate in 

adults w ith severe malaria. F ollow ing IV adm inistration, artesunate was detected  

and m easured in plasm a very prom ptly post adm inistration rising to the Cmax 

w ithin 5 minutes. Artesunate w as cleared very fast w ith  m edian elim ination T \ a  

o f  0 .25 hours equal to 15 m inutes, w ith a range o f  0.1 to 1.8 hours. This T \ a  is 

com parable to the range from previous studies am ong patients with malaria (113, 

184), but contrasts w ith T 1/2 o f  2-5 m inutes in previous healthy volunteer studies 

(186-187). The difference m ost likely arises from differences in clearance and 

volum e o f  distribution in diseased and healthy states as w ell as differences in the 

rate o f  IV infusion. In the earlier studies, artesunate w as adm inistered at a rate o f  

2-3 m inutes com pared to the 3-4 m inutes in our study.

The Cmax for dihydroartemsinin was achieved w ithin 8.4 m inutes post dose  

administration show ing very rapid conversion  o f  artesunate to dihydroartemisinin. 

The m edian dihydroartem isinin A U C  w as sim ilar to that demonstrated in a 

previous study conducted am ong patients w ith  severe malaria (184). Both  

artesunate and dihydroartem isinin A U C  varied m arkedly am ong participants. This 

marked variability is similar to data from previous studies (184), how ever, despite  

this very large inter-individual variability; all patients had very rapid parasite 

clearance. The large inter-individual variability is possib ly  due to inter-individual 

variability in C Y P 3A 4 activity. C om plete com parison o f  all pharmacokinetic 

parameters from different studies is hindered by d ifferences in rate o f  

administration or infusion o f  drug, d isease severity o f  participants, parasitemia, 

drug content and assay method.

Our m edian parasite clearance tim e o f  16 hours w as m uch shorter than the 66  

hours and 32 hours from previous studies o f  adults w ith malaria in western  

Thailand (113,  184), possib ly  due to d ifferences in parasite sensitivity to 

artesunate. A ll our participants had com plete recovery w ith no adverse events 

reported. T hese data support the preferential use o f  artesunate over quinine in 

Uganda.
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Dihydroartemisinin is said to have more potent antimalarial activity than 

artesunate. Indeed some studies have attributed the effectiveness o f  artesunate to 

its rapid and complete conversion to dihydroartemisinin. A previous study 

suggested a trend to an association between artesunate and dihydroartemisin AUC 

and parasite clearance (114); however we found no correlation between the 

artesunate and dihydroartemisinin AUC and parasite clearance time. This finding 

is similar to data by Newton et al, which demonstrated no relationship between 

artesunate pharmacokinetic parameters and parasiticidal effect (184). It is not 

clear which artesunate pharmacokinetic parameter best correlates with 

antimalarial treatment effect, but previous dose finding studies have suggested 

doses higher than 2mg/kg and 2.4 mg/kg as the minimum initial dose for malaria 

treatment in view o f the considerable inter-individual variability in artesunte 

pharmacokinetic profile (113, 184).

Compared to artesunate, quinine has a number o f disadvantages including poor 

compliance and a significant adverse event profile such as hypotension, 

hypoglycemia and GIT intolerance (188-189). The IV quinine infusion is difficult 

and expensive to institute and needs constant monitoring for arrhythmia and 

hypoglycemia. Adherence to the 8 hourly regimen o f quinine is poor and often 

patients do not complete the dose increasing the risks for treatment failure and 

development o f drug resistance. Facilities for the IV infusion are inadequate in 

many health centres and hospitals in Uganda leading to inappropriate methods o f 

quinine administration (190). The ease o f administration o f IV artesunate plus the 

lack o f a significant side effect profile make it an excellent choice for remote 

peripheral centres that suffer the greatest burden o f  severe malaria. Our data 

contribute to the existing knowledge on the clinical response to and 

pharmacokinetics o f  IV artesunate for treatment o f severe malaria. These data 

plus previous data from Asia and Africa strongly suggest that parenteral 

artesunate should be considered the drug o f first choice in treating severe malaria 

(107-108). However; parenteral artesunate is not yet widely available especially 

in sub-Saharan Africa where the greatest burden o f severe malaria and death 

occurs and efforts to improve accessibility should be reinforced.
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Chapter 8

Summary of Key Findings and Discussion
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Summary of key study fmdings

In chapter 2, the steady-state pharmacokinetic profiles o f generic Triomune 40®, 

were similar to profiles o f branded products in HIV-infected adults at this large 

HIV treatment clinic in Uganda.

In chapter 3, co-administration o f LPV/r with AL to HIV-infected Ugandan adults 

significantly reduced pharmacokinetic exposure o f artemether with increase in 

lumefantrine exposure (Table 8.1).

In chapter 4, co-administration o f LPV/r with AL was not associated with cardiac 

conduction abnormalities.

In chapter 5, co-administration o f efavirenz with AL to HIV-infected Ugandan 

adults resulted in significant reduction in artemether, dihydroartemisinin and 

lumefantrine pharmacokinetic exposure (Table 8.1).

In chapter 6, co-administration o f nevirapine with AL to HIV-infected Ugandan 

adults resulted in significant reduction in artemether, dihydroartemisinin and 

nevirapine exposure (Table 8.1).

In chapter 7, participants promptly attained therapeutic concentrations of 

artesunate following IV administration with rapid parasite and symptom 

clearance.
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Table 8.1 Summary of the effect of co-administration of AL with LPV/r, 

efvairenz or nevirapine on pharmacokinetic exposure of AL

ART Effect on exposure of antimalarial

Artemether Dihydroartemisinin Lumefantrine

LPV/r 43% reduction Not affected 386% increase

Efavirenz 77% reduction 75% reduction 55% reduction

Nevirapine 72% reduction 37%) reduction 21 % reduction
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Discussion

HIV and malaria are both preventable and treatable diseases that inflict great 

impact on sub-Saharan Africa. The two are major threats to economic growth, 

cause loss o f productivity, loss o f income on treatment, school and work 

absentism, low food production, famine, low income and low standard o f living. 

In the absence o f vaccines for both diseases, countries rely on prevention o f new 

infections and treatment o f infected individuals to alter the course o f the two 

diseases and prevent transmission and death. Efforts to prevent HIV and malaria 

infection have been scaled up in most African countries. Interventions such as 

cotrimoxazole prophylaxis, insecticide treated mosquito nets, indoor residual 

spraying, and intermittent preventive treatment during pregnancy are all effective 

in preventing malaria (127-128, 191-192) and are currently being rolled out in 

most African countries. Behavior change messages and condoms are widespread 

for the prevention o f HIV; however, case management remains a vital component 

o f HIV and malaria control.

While one o f the eight millennium development goals specifically relates to 

combating HIV/AIDS and malaria, achieving and sustaining malaria and HIV 

control is central to meeting many o f the other millennium development goals 

such as eradicating poverty and hunger, reducing child mortality and improving 

maternal health. In the last decade global funding towards malaria and HIV 

control has increased, with funding from the Global fund to fight HIV, 

tuberculosis and malaria, the World Bank, US President’s Malaria Inifiative, Bill 

and M elinda G ates’ Foundation, Multicountry AIDS Program, the Presidents’ 

Emergency Plan for AIDS Relief, and the Elizabeth Glaser Paediatric AIDS 

Foundation, among others. This funding has greatly accelerated delivery o f 

critical interventions and medicines in many African countries enabling access to 

life saving but also more expensive strategies; the ACTs and ART.

Maintaining the achievement made so far means sustaining the effectiveness o f 

these life-saving medications. This is a major concern. Currently there is no 

alternative to the ACTs which are highly effective against malaria and few but 

expensive alternatives to the current ART available in sub-Saharan Africa for 

HIV treatment. Global effort should be made to prevent emergence o f  resistance 

to these drugs. This thesis provides contribution to the sparce evidence on AL and
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ART interactions as part o f global efforts to maintaining the ART and ACT 

effectiveness. We provide data on the pharmacokinetics o f  generic ART, drug 

interactions o f ART and AL and pharmacokinetic profiles o f AL and artesunate, a 

drug that has brought great hope in preventing deaths from severe malaria.

Th first study demonstrated that the generic Triomune 40® had similar 

pharmacokinetic profiles to the branded products. This was very important and 

useful information at the time since most HIV care centres in Uganda depended 

on this generic formulation to meet treatment goals. Standard practice in Uganda 

is for all batches o f  drugs to undergo in vitro dissolution testing at the National 

Quality Control Laboratory in Kampala, however, while this is very useful in 

detecting counterfeit drugs, unwanted additives and sub-therapeutic drug levels, it 

does not address the issue o f patient drug levels which clinical pharmacokinetic 

studies deal with.

We demonstrated that co-administration o f AL with LPV/r leads to significant 

reduction in artemether with significant increase in lumefantrine exposure. Our 

study confirms results by German et al on AL and LPV/r interactions (141). 

Increased lumefantrine exposure may be beneficial in malaria treatment, however 

may be associated with toxicity. Although lumefantrine exposure was 

significantly elevated; the single dose o f AL in our study was not associated with 

any cardiac conduction abnormalities (162). We however recommend caution and 

safety monitoring during co-administration o f the standard six-dose AL regimen 

with LPV/r.

Our data illustrates significant drug interactions between AL and efavirenz or 

nevirapine. Co-administration led to significant reduction in artemether and 

dihydroartemisinin exposure. Lumefantrine exposure was significantly reduced by 

co-administration with efavirenz and non-significantly reduced with nevirapine. 

We attribute these findings to induction o f CYP3A4 by efavirenz and nevirapine 

(21, 176). The effect o f efavirenz or nevirapine on AL pharmacokinefics has 

serious implications for treatment o f HIV-malaria co-infected patients with risk 

for poor treatment outcomes and development o f resistance to AL. In view o f the 

increased risk for malaria in HIV-infected individuals (98-99) plus some evidence 

to suggest poor antimalarial treatment outcomes due to HIV (122-123), these drug 

interactions are worrying and require urgent attention.
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Both artemether and dihydroartemisinin are very potent antimalarial agents w hich  

rapidly clear parasites from circulation and are rapidly elim inated from the body  

(139). Lum efantrine w ith a m uch longer T\a  clears residual parasites, preventing  

recrudescence and is the major determinant o f  cure. This is beneficial both to the 

individual receiving treatment and the com m unity. The individual benefits from  

reduction o f  malaria associated morbidity such as anaem ia w h ile  the com m unity  

benefits from a reduction in the parasite reservoir, reduced transm ission and 

delayed em ergence plus spread o f  drug resistance. A lthough drugs with long T 1/2 

increase selection  pressure for resistance, the residual antimalarial drug in 

circulation resulting from slow  clearance provides additional secondary  

prophylaxis against new  malaria infections. A ny drug-interactions that reduce 

pharm acokinetic exposure deprive individuals and the com m unity o f  these  

important advantages.

The reduction in nevirapine exposure during A L co-adm inistration needs further 

investigation. N evirapine is w idely  prescribed as part o f  first-line A R T regim ens 

esp ecia lly  w hen efavirenz is contra-indicated. N evirapine has low  barrier to 

developm ent o f  resitance and cross resistance to efavirenz occurs. In areas with  

“stable” malaria transm ission, m eaning where populations are continuously  

exposed  to a fairly constant, high rate o f  malarial infections, individuals develop  

partial im m unity to malaria with age thus clin ical d isease is m ostly confined to 

young children. Pregnancy m odifies this im m unity so increases risk for malaria 

acquisition. Very young children and pregnant m others w ith HIV are at increased  

risk for malaria and are likely to receive nevirapine containing A R T regim ens. 

Repeated malaria infection  requiring repeated treatment w ill predispose to 

intermittent occurrence o f  AL and nevirapine drug interactions. The physiological 

changes that occur during pregnancy m ay further m odify  drug bioavailability. 

Investigation o f  pharmacokinetic drug interactions in these populations should be 

considered priority.

Currently there are six A C Ts available for treatment o f  uncom plicated malaria; 

AL, artesunate plus am odiaquine, artesunate plus m efloquine, artesunate plus 

sulphadoxine-pyrim etham ine, dihydroartem isinin plus piperaquine and 

artem isinin plus naphthoquine. For all o f  them; it is the properties o f  the partner 

drug that determ ine the efficacy  o f  the com bination, how ever for all, the short
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acting artemisin component and the long acting counterpart undergo CYP 

mediated metabolism, therefore have potential for drug interactions with ART 

(138). There is therefore urgent need to investigate drug interactions o f ART with 

the different ACTs. As the malaria endemic countries progress with the scale-up 

o f  ART and ACTs, there is urgent need to integrate HIV and malaria care and 

treatment services and to educate health care workers on these interactions. 

Uncomplicated malaria if  not treated adequately progresses to severe malaria. 

M ortality from severe malaria is 100% without treatment, it reduces to 15-20% 

with treatment (93, 106). Death often occurs within hours post admission thus the 

primary objective for treatment o f severe malaria is to prevent death. This 

requires provision o f prompt and highly effective antimalarial therapy with 

attainment o f therapeutic concentrations as soon as possible. A previous large 

multi centre trial demonstrated superiority o f artesunate over quinine for severe 

malaria treatment (108). These data plus our data on the pharmacokinetic profile 

and clinical response o f artesunate support the use o f artesunate as first-line 

therapy for severe malaria in Uganda. Because HIV-infected individuals are at 

increased risk for severe malaria (87, 104), artesunate offers a great alternative to 

quinine for this special population. Currently artesunate is not available in the 

Ugandan public health sector mainly due to the high cost o f the drug. In view of 

the excellent efficacy, fewer requirements for clinical monitoring and clinical 

supplies such as IV infusion sets associated with artesunate use, the cost- 

effectiveness o f artesunate over quinine should be evaluated to support advocacy 

for expanding access to artesunate in Uganda.

Malaria and HIV are not sub-Saharan A frica’s only scourge; there are many 

communicable and non-communicable diseases that make up the burden of 

disease. The need for health care is still demanding. Any new advances and 

discoveries contribute to global efforts to improve health and standard o f living. 

With the hope o f eradication o f malaria and HIV still uncertain, global and cross- 

border efforts are needed to maintain effectiveness o f currently available 

strategies. This will greatly contribute to improvement o f the lives o f those most 

in need. We will definitely need new strategies, tools and drugs thus any effort at 

research capacity building contributes significant gain in the fight against HIV 

and malaria which is a significant contribution to the fight against poverty.
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Policy implications and recommendations

1. Generic products play a crucial role in improving access to ART; however, 

there is need for ongoing surveillance o f their quality in target populations.

2. Dosage modification o f AL for HIV-malaria co-infected patients receiving 

LPV/r, efavirenz or nevirapine based ART is advised.

3. Monitoring o f AL treatment response among HIV-malaria co-infected patients 

receiving LPV/r, efavirenz or nevirapine based ART regimens is recommended.

4. Alternative antimalarial regimens other than AL should be prescribed for HIV- 

malaria co-infected patients receiving nevirapine based ART.

5. Intravenous artesunate should be rolled out for treatment o f severe malaria.

Implications for further research

1. Investment in human and material resources to develop pharmacokinetic units 

in resource-limited settings should be considered a priority.

2. There is urgent need to define the optimal dosage o f  AL for HIV-malaria co- 

infected patients receiving ART.

3. Evaluation o f pharmacokinetic interactions between ART and the other 

available ACTs is important.

Future plans

I hold a faculty position as a lecturer at the Department o f Medicine o f Makerere 

University College o f Health Sciences where I will continue to teach, conduct 

research, carry on with patient care, mentorship and administrative tasks. I hope 

to get promoted to the rank o f senior lecturer within this year. I will continue with 

the research career which will require me to write more grant applications for 

research funding.

I successfully applied for the EDCTP Senior Fellowship which has been awarded 

to conduct research on severe malaria treatment. This project has started in a rural 

hospital in Eastern Uganda, where malaria is responsible for the greatest burden 

o f disease. Data from this project will answer questions on the best mode o f 

treatment o f severe malaria including both parenteral and follow-on oral 

treatment. We will evaluate the pharmacokinetics o f  antimalarial drugs during 

severe malaria treatment as well as the pharmacokinetic drug mteractions
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between antimalarial and antiretroviral drugs and the correlation with treatment 

outcome in populations receiving treatment for malaria.

Non-compartmental pharmacokinetic analysis does not take into consideration the 

effect o f  other covariates. We have initiated the application o f pharmacokinetic 

modeling techniques to this data using the W inNonlin software. This is in 

collaboration with investigators from M ahidol-Oxford Tropical Medicine 

Research Unit, Faculty o f  Tropical Medicine, Mahidol University, Bangkok, 

Thailand. Potentially influential covariates to be considered include age, weight, 

height, gender, hematocrit, CD4 count and viral load. This approach will 

incorporate more data when fitting the model controlling for the various factors 

and therefore provide more reliable parameter estimates than the individual non- 

compartmental analysis.

“In education it isn't how much you have comm itted to memory, or even how

much you know.

It's being able to differentiate, between what you know and what you don't.

It's knowing where to go to fin d  out what you need to know  

and it's knowing how to use the information you get ”

William Feather 

“Learning is the antidote to stagnation, boredom and derailment.”
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Background: Treatment o f HlV/maloria-coinfected patients with antiretroviral therapy (ART) and artemisinin- 
based combination therapy has potential for drug interactions. We investigated the pharmacokinetics o f arte- 
mether, dihydroortemisinin and lumefantrine after administration o f a single dose o f 80/480 mg o f artemether/ 
lumefantrine to HIV-infected adults, taken w ith and w ithout lopinavir/ritonavir.

Methods: A two-arm  parallel study o f 13 HIV-infected ART-naive adults and 15 HIV-infected adults stable on 
400/100 mg o f lopinavir/ritonavir plus two nucleoside reverse transcriptase inhibitors (ClinicalTrials.gov, NCI 
0061994A), Each participant received a single dose o f 80/480 mg of artemether/lumefantrine under continu­
ous cardiac function monitoring. Plasma concentrations o f artemether, dihydroartemisinin and lumefantrine 
were measured.

Results: Co-administration o f artemether/lumefantrine w ith lopinavir/ritonavir significantly reduced artemether 
maximum concentration (Cmax) and area under the concentration-tim e curve (AUC) [median (range): 112 
(20-362) versus 56 (17-236) ng/mL, P=0.03; and 264 (92-1129) versus 151 (38-606) ng-h/mL, P<0.01], 
Dihydroortemisinin Cmox and AUC were not affected [66 (10-111) versus 73 (31-224) ng/mL, P=0.55; and 
213 (68-343) versus 175 (118-262) ng-h/mL P=0.27], Lumefantrine Cmax and AUC increased during co-admin- 
istrotion [2532 (1071-5957) versus 7097 (2396-9462) ng/mL, P<0.01; and 41119 (12850-125200) versus 
199678 (71205-251015) ng-h/mL, P<0.01],

Conclusions: Co-administrotion o f artemether/lumefantrine w ith lopinavir/ritonavir significantly increases 
lumefantrine exposure, but decreases artemether exposure. Population pharmacokinetic and pharmacody­
namic trials will be highly valuable in evaluating the clinical significance o f this interaction and determining 
whether dosage modifications are indicated.

Keywords: antiretrovirals, antimalariols, drug interactions

' Introduction
Malaria and HIV are two infectious diseases causing significant 
morbidity and mortality worldwide. The two diseases have over­
lopping geographical distribution in sub-Sahoran Africa, where 

i over 90% o f the world malaria burden and 67% o f the globol 
HIV burden occur.’ '  ̂ Significant interactions occur between the

f  The Author 2012. Published by Oxford University Press on behalf of 
For Permissions, please e-mail: Journals.permissions@oup.com

two diseases, w ith HIV increasing the risks for malaria frequency 
and severity.^’^ Infection w ith malaria stimulates immune 
mechanisms that activate HIV replication, causing a transient 
increase in HIV viral load.^’'’

Major effort has been made to  ensure universal access to 
antiretroviral therapy (ART), w ith significant improvement in 
quality o f life and survival o f people living w ith HIV. In 2009,

the British Society for Antimicrobial Chemotherapy. All rights reserved.
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1.2 million people were initiated on ART, a 30% increase in ART 
coverage in one year. Successful treatm ent o f infectious dis­
eases such as HIV and malaria requires adequate drug concen­
trations at the target site to produce maximal efficacy w ith 
m inimal toxicity. Drug pharmacokinetics m ight be influenced 
by drug-drug interactions. Antiretroviral drugs, specifically the 
non-nucleoside reverse transcriptase inhibitors and protease 
inhibitors, ore potent inducers and/or inhibitors of cytochrome 
(CYP) enzymes and transporter proteins, w ith potential for 
d rug-drug interactions when co-administered w ith other 
drugs. '̂"*

The WHO recommends artemisinin-based combination 
therapy (ACT) for the treatm ent o f uncomplicated malaria,^ 
The combination o f ortem ether and lumefantrine offers excel­
lent efficacy against susceptible and multidrug-resistant 
Plasmodium falciparum. Both ortem ether and lumefantrine are 
metabolized predominantly by CYP3A4,‘ ° Artemether is m etabo­
lized to dihydroartemisinin, predominantly by CYP3A4/5 and to a 
lesser extent by CYP2B6, CYP2C9, CYP2C19 and possibly 
CYP2A6.®’’ ” ^ D ih y d ro a r te m is in in  is rapidly converted into 
inactive metabolites primarily by glucuronidction via uridine 
diphosphoglucuronyltransferases (UGTs) UG TlA l, UGT1A8/9 
and UGT2B7.‘° '^ ^ " B o t h  artem ether and dihydroartemisinin 
possess potent antimalorial properties, causing a rapid reduction 
in asexual parasite biomass, w ith prompt resolution of 
symptoms.

Lumefantrine is slowly eliminated, mainly metabolized by 
CYP3AA to desbutyl-lum efantrine.'°~ '^ Lumefantrine eradicates 
residual malaria parasites thereby preventing recrudes- 
cence.’ ” ’*^ '''' Total exposure to lumefantrine predicts parasite 
eradication and is the principal pharmacokinetic correlate of 
ortemether/lumefantrine treatment.

Lopinavir and ritonavir ore inhibitors o f CYP3AA, so 
co-administration w ith ortem ether/lum efantrine may result in 
increased artemether and lumefantrine plasma concentrations. 
Elevated lumefantrine plasma concentrations ore o f porticular 
concern because o f the structural sim ilarity to holofantrine, a 
drug associated w ith cardiac orrythmias and sudden death.
In a previous study, co-odministrotion o f lopinovir/ritonavir w ith 
ortemether/lumefantrine to healthy volunteers resulted in sig­
nificantly increased lumefantrine exposure, decreased dihydroor- 
temisinin exposure and a trend towards decreased artemether 
exposure.^®

The aim o f the present study was to investigate the pharma­
cokinetics o f artemether, dihydroartemisinin and lumefantrine 
after administration o f a single dose o f 80/480 mg of orte- 
mether/lumefantrine to HIV-infected adults, token with and 
w ithout lopinovir/ritonavir-based ART. To avoid unknown 
adverse effects, we administered a single dose of artemether/ 
lumefantrine to HIV-infected patients w ithout malaria and vigi­
lantly monitored their cardiac function.

Methods
Study site

The study was conducted between January 2008 and June 2009 at the 
Infectious Diseases Institute (IDI) and the Uganda Heart Institute, 
Mulogo Hospital, Kampala, Uganda.

Study design and population

This was a two-arm parallel study to assess the pharmacokinetics of a 
single dose of artemether/lumefantrine co-administered with and 
without lopinavir/ritonavir-based ART to HIV-infected patients without 
malaria. Patients were eligible to participate if they were older than 
18 years, with no evidence of systemic illness and no indication for med­
ications with known potential for drug interactions with the study drugs. 
Patients with abnormal cardiac, liver or renal function, positive blood 
smear for malaria, pregnant mothers and those who reported use of 
any herbal medication were excluded.

Ethical considerations

The study was approved by the Ugando National HIV/AIDS Research 
Committee (ARC 055) and the Uganda National Council of Science and 
Technology (HS 195), and was registered with ClinicalTriols.gov (NCT 
00619944). Study procedures were explained to participants in their 
local languages. Each participant received an information leaflet to 
take home. All participants provided written informed consent prior to 
study entry. Study procedures were conducted in accordance with the 
principles of Good Clinical Practice.

Study procedures

Patients were screened and enrolled consecutively from the cohort of 
patients attending the IDI. The artemether/lumefantrine plus lopinovir/ 
ritonavir arm consisted of HIV-positive patients stable on 400/100 mg 
of lopinavir/ritonavir plus two nucleoside reverse transcriptase inhibitors 
(NRTIs) taken twice daily for at least 1 month. The artemether/lumefan- 
trine arm consisted of HIV-positive ART-naive patients who hod not 
started ART and were not yet eligible for ART according to national guide­
lines. Patients in both arms took co-trimoxazole doily for prophylaxis 
against opportunistic infections. Adherence to study drugs was assessed 
using self-report and pill count at each clinical visit. On the evening prior 
to the study day, participants were reminded of their study-doy 
appointment and were given detailed instructions to eat food; those in 
the lopinavir/ritonavir arm were reminded to administer their ART by 
8.00 pm. and arrive at the hospital by 7.00 am in o fasting state.

On the morning of the study day, patients were admitted to the Heart 
Institute. Blood smears for malaria parasites were performed, and 
patients found to hove positive smears were given a standard six-dose 
course of ortemether/lumefantrine and excluded from further study. A 
12-lead electrocardiogroph (ECG) monitor was attached for continuous 
cardiac function monitoring. An indwelling intravenous catheter was 
inserted following aseptic techniques, and blood samples were drawn 
for the determination of pre-dose concentrations of artemether, dihy- 
droortemisinin and lumefantrine. A standardized breakfast with added 
fa t to CQter for the fa t requirement for ortemether/lumefantrine absorp­
tion was administered. The intake of breakfast and study drugs was dir­
ectly observed by study staff.

All patients took a single dose of four tablets, equivalent to 
80/480 mg of artemether/lumefantrine (Coortem'®, Novartis Pharma 
AG, Basel, Switzerland; Botch number: F0560) with woter immediately 
after breakfast. Patients in the lopinavir/ritonovir arm took 400/100 mg 
of lopinavir/ritonavir (Aluvia**, Abbott Laboratories, USA) plus two NRTIs 
with their study artemether/lumefantrine dose. The NRTI combination 
consisted of zidovudine plus didonosine, or tenofovir plus emtricitobine.

Sampling was performed at 1, 2, 4, 6, 8, 12, 24, 48 and 72 h post- 
ortemether/lumefontrine dosing. An aliquot of 4 mL of blood was col­
lected per sampling time in lithium-heporin tubes. Samples were centri­
fuged immediately for lOm in; plasma was separated and stored 
immediately at -7 0  C until shipment on dry ice to the Clinical Pharma­
cology Laboratory, Mohidol-Oxford Tropical Medicine Research Unit,
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Mahidol University, Bangl<ol<, Thailand for m e a s u re m e n t o f  a r te m e th e r , 
dihydroartemisinin an d  lu m efan trin e  p la sm a  co n cen tra tio n s .

Safety assessment
Medical history, physical ex am in atio n , rou tine  clinical lab o ra to ry  te s ts , 
ECG and  urine screens  for p re g n an cy  w ere  p e rfo rm ed  a t  screen ing . On 
the study day, m edical history, physical e x am in atio n  a n d  blood s m e a rs  
for m alaria p a rasites  w ere  perfo rm ed . S ta n d a rd  1 2 -lea d  ECGs w ere 
Jecorded a t  screening, im m ed ia te ly  prior to  dosing , th e n  con tinuously  
for 12 h p o s t-d o se  o f a r te m e th e r /lu m e fa n tr in e  a n d  o n c e  daily for 
3 days th e rea fte r. Participan ts  w ere  m o n ito red  for a d v erse  ev en ts  until 
2 weeks post-sam pling ; th e  o n se t, d u ra tio n , severity  a n d  re la tionsh ip  to  
the trial drugs (if any) w ere  n o ted .

Artemether, dihydroartemisinin and lumefantrine  
plasma concentration m easurem ent

(irtem ether an d  d ihydroartem isin in  co n ce n tra tio n s  w e re  m e a su re d  using 
[solid-phase ex trac tion  a n d  liquid ch ro m a to g ra p h y /m a ss  spectrom etry .^^  
[Total-assay coefficients o f va ria tion  for d ihydroartem isin in  a n d  a rte - 
w ether during analysis w ere  less th a n  5%  a t  all qua lity  con tro l levels. 
[The lower limit o f quan tifica tion  w a s  1.4 ng/m L  a n d  th e  limit o f  d e te c tio n  
iwos 0.5 ng/m L for b o th  drugs,^-^
I Lum efantrine co n cen tra tio n s  w e re  d e te rm in e d  using  a  so lid -p h ase  
|extroction/liquid ch ro m a to g rap h ic  a s s a y  w ith u ltrav io le t detection .^^  
The coefficient o f va ria tion  w a s  less  th a n  5%  a t  all quality  contro l 
levels. The low er limit o f quan tifica tion  w a s  25 ng/m L a n d  th e  limit o f 
detection w as  15 ng/mL.^-*

Analytical and pharmacokinetic m ethods
(Non-com partm ental analysis  w a s  p e rfo rm ed  using  WinNonlin 
[Professional™ softw are , version 5.2 (P harsigh t Corp., M ountain  View, 
CA, USA). Pharm acokinetic  p a ra m e te rs  included  th e  observed  

Imoximum con cen tra tio n  (Cmax), tim e  to  Cmox (7’mox), a re a  u n d e r th e  
IplasmQ c o n c e n tra tio n - tim e  curve from  zero  to  th e  la s t observation  
lAUCo nist), a rea  u n d er th e  p la sm a  co n ce n tra tio n - tim e  curve from  zero 
[extrapolated to  infinity (AUCo-oo), e lim ina tion  c le a ran c e  (CL/F), a p p a re n t 
(volume o f distribution  (V/F), e lim ina tion  half-life ( tj /j)  a n d  abso rp tion  
log time (T|ag). The trapezo idal rule (linear-up /log-dow n) w a s  u sed  to  
estimate AUC. All p a ra m e te rs  w ere  ca lcu la ted  using  a c tu a l blood s a m ­
pling times. Drug co n ce n tra tio n s  below  th e  low er lim it o f quan tifica tion  
of the bioanalytical a ssa y s  w ere  tre a te d  a s  m issing  d a ta .  The m ed ian  
wlues and  ran g es  o f th e  pharm aco k in e tic  p a ra m e te rs  w ere  recorded  
for the tw o groups.

Table 1. Baseline ch arac te ris tic s  o f  s tu d y  p artic ipan ts

Statistical analysis
D ata w ere  an a ly sed  using  STATA* version 10 .0  (StctaCorp, College 
Station , TX, USA). B aseline ch arac te ris tic s  w ere  su m m arized  a s  m ean  
w ith  95%  Cl a n d  c o m p a re d  using th e  in d e p e n d en t t- te s t.  The Wilcoxon 
ronk-sum  te s t  w as  u s e d  to  c o m p a re  pharm acok inetic  p a ra m e te rs  
b e tw een  th e  tw o  g roups. A P v a lu e  o f  < 0 .0 5  w a s  considered  statistically  
significant.

Results
A to ta l o f 36 p a rtic ipan ts w ere  enrolled, o f  w hom  29 com ple ted  
th e  72 h sam pling. Of th e  seven  partic ipan ts w ho did no t co m ­
p lete  sam pling, tw o  d ropped  ou t before sam pling s ta rted , one 
participan t had  only th e  first th ree  sam p les d raw n due  to  diffi­
culty  w ith can n u latio n  a n d  four p a tien ts  had  positive blood 
sm e a rs  for m alaria  on th e  sam pling  visit; th e  la tte r w ere given 
th e  s ta n d a rd  six-dose reg im en o f a r tem e th er/lu m efan trin e  an d  
excluded from  fu rth er study.

Analyses w ere  p e rfo rm ed  on d a ta  from  th e  29 participants 
w ho co m p le ted  sam pling: 16 [9 (56%) fem ale] in th e  a r te ­
m eth e r/lu m efan trin e  plus lopinavir/ritonavir arm , a n d  13 [9 
(69%) fem ale] in th e  a rte m e th e r/lu m e fan trin e  arm . All partici­
p an ts  taking lopinovir/ritonavir-bosed ART h ad  viral load below 
th e  level o f d e tec tio n  (AOO copies/m L). M ean (95%  Cl) o f th e  
log o f viral load  w as 4.5 (4 .0 -5 .0 ) copies/m L am o n g  th e  ART- 
naive patien ts . Participants in th e  tw o  stu d y  a rm s w ere c o m p a r­
ab le  for all o th e r baseline  characteris tics m easu red  except 
haem oglobin , w hich w a s  significantly h igher am o n g  pa tien ts 
taking lopinavir/ritonavir-based ART (Table 1). All participan ts to l­
e ra ted  s tu d y  d rugs very well, w ith no adverse  even ts reported. 
ECG p a ram e te rs  fo r p a tie n ts  in bo th  s tu d y  a rm s  rem ained  well 
w ithin norm al lim its th ro u g h o u t th e  72 h follow-up period. 
These d a ta  have been  published e lsew here.^ '’

Effect o f  lopinavir/ritonavir on artem ether and 
dihydroartemisinin pharmacokinetics
C o-adm inistration o f a rte m e th e r/lu m e fan trin e  with lopinavir/ 
ritonavir significantly in creased  a r te m e th e r  CL/F an d  V/F, by 
67%  (P < 0 .0 1 ) an d  39%  (P = 0 .0 2 ), respectively. A rtem ether 
Cmax an d  AUCo-iost w ere  significantly reduced, by 50%  (P= 0.03) 
a n d  43%  (P < 0 .0 1 ), respectively (Table 2 an d  Figure la ) .  Dihy­
droartem isin in  CL/F a n d  V/F w ere  no t influenced by lopinavir/

Variable

M ean (95%  Cl)

P value
a r te m e th e r /  

lu m efan trin e  a rm
a r te m e th e r /lu m e fa n tr in e  

plus lopinavir/ritonavir a rm

Age (years) 34.5 (2 9 .9 -3 9 .0 ) 37.6  (3 4 .3 -4 0 .9 ) 0.2
Body w eigh t (kg) 63 .8  (5 8 .1 -6 9 .5 ) 64 .0  (5 7 .6 -7 0 .5 ) 0.9
Height (cm) 160.1  (1 5 5 .2 -1 6 5 .0 ) 165 .8  (1 6 1 .5 -1 7 0 .0 ) 0.06
Body m a ss  index (kg/m^) 25.1 (2 2 .2 -2 8 .0 ) 23.4  (2 1 .0 -2 5 .8 ) 0.3
H aem oglobin (mg/dL) 12.6  (1 1 .4 -1 3 .8 ) 14.3 (1 3 .8 -1 4 .9 ) 0 .004°
QTc (ms) 411 .5  (4 0 2 .3 -4 2 0 .6 ) 4 16 .8  (4 0 6 .0 -4 2 7 .5 ) 0.4

“Statistically  significant.
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Table 2. Comparison o f pharmacokinetic parameters o f artemether, dihydroartem isinin and lum efantrine

Artem ether/lum efontrine Artem ether/lum efantrine plus iopinavir/ritonavir 
Parameter (N = 13), median (range) (N = 16), median (range) Pvalue

Artemether

Cmox (ng/mL) 112 (20 -362)

^mox(h) 1 (1 -4 )
CL/F (L/h) 295 (69 -817)
V/F (L) 1072 (593-2651)

ti/2 (b) 2 (1 -5 )

AUCo-iost (ng-h/mL) 264 (92-1129)
AUCo-co (ng-h/mL) 271 (97-1150)

Dihydroartemisinin
Cmox (ng/mL) 66 (10 -111)

^mox (h) 2 (1 -4 )
CL/F (L/h) 350 (210-942)
V/F (L) 922 (498-4779)

t]/2 (b) 1 (1 -3 )
AUCo-iost (ng h/mL) 213 (6 8 -34 3)
AUCo-oo (ng-h/mL) 217 (8 1 -36 3)

Lumefantrine
Ttag (h) 1 (0 -4 )

Cmox (ng/mL) 2532 (1071-5957)

Tmox (h) 8 (3 -1 2 )
CL/F (L/h) 10 (3 -3 2 )
V/F (L) 179 (53 -860)

ti/2 (h) 23 (6 -5 1 )

AUCo iost (ng-h/mL) 41119 (12850 -125200)
AUCq.^  (ng-h/mL) 46925 (14559 -136297)

56 (17 -236) 0.03
2 (1 -4 ) 0.38

492 (129-1805) <0.01
1487 (762-3485) 0.02

1 (1 -6 ) 0.04
151 (38-606) <0.01
162 (44-618) <0.01

73 (31-224) 0.55
2 (1 -4 ) 0.89

424 (280-626) 0.23
876 (734-1315) 1

1 (1 -2 ) 0.06
175 (118-262) 0.27
180 (121-272) 0.23

1 (0 -1 ) 0.16
7097 (2396-9462) <0.01

8 (4 -12 ) 0.26
1 (1 -5 ) <0.01

86 (59-219) 0.01
31 (24 -43 ) <0.01

199678 (71205 -251015) <0.01
267386 (84845 -344468) <0.01

ritonavir co-administration. Similarly dihydroartemisinin Cmax and 
AUCo-iost were unaffected (Table 2 and Figure lb ).

E ffect o f  Iopinavir/ritonavir on lum efantrine  
pharmacoicinetics

Co-administration of artem ether/lum efantrine w ith lopinavir/ri- 
tonavir significantly reduced lumefantrine CL/F and V/F, by 90% 
(P<0.01) and 52% (P=0.01), respectively. Lumefantrine Cmox 
increased significantly by 180% (P<0.01) and AUCo-iost by 
386% (P<0.01) (Table 2 and Figure Ic).

Discussion

We investigated the pharmacokinetics o f artemether, dihydroar­
temisinin and lumefantrine after administration o f a single dose 
o f 80/480 mg of artem ether/lum efantrine to HIV-infected 
adults, taken w ith and w ithout lopinavir/ritonavir-based ART. 
Co-administration o f artem ether/lum efantrine w ith lopinovir/ 
ritonavir significantly increased artemether clearance with a con­
sequently significant reduction in artem ether exposure. Dihy­
droartemisinin pharmacokinetic parameters were not affected 
by Iopinavir/ritonavir, Lumefantrine clearance significantly 
decreased w ith a consequently significant increase in exposure.

Our data for the direction o f the interaction between lopino- 
vir/ritonavir and artem ether/lum efantrine show a similar trend 
to data from a previous study by German et ol.;^° however, d if­
ferences in the magnitude o f the interaction as well as the effect 
on dihydroartemisinin were evident between the two studies. 
The previous study demonstrated a trend towards decreased 
artemether exposure, significant reduction in dihydroartemisinin 
exposure and significant increase in lumefantrine exposure fo l­
lowing standard six-dose artem ether/lum efantrine administra­
tion w ith Iopinavir/ritonavir to 13 healthy HIV-seronegative 
adults.^'’ The differences in the results from the two studies pos­
sibly arise from differences in the study designs and population. 
German et al.^° conducted a sequential cross-over study in 
which artemether/lumefantrine parameters were compared 
w ithin the same individuals w ith  and w ithout Iopinavir/ritonavir, 
while we employed a parallel study design w ith comparison of 
parameters from different individuals w ith and w ithout lopina- 
vir/ritonovir. The parallel study design was adequate for the 
objectives of our study, but has a lim itation due to the high 
inter-individual variability of artem ether and dihydroartemisinin. 
Comparison of pharmacokinetic exposures in the same indivi­
duals using the sequential design was not feasible given that 
Iopinavir/ritonavir is used for second-line HIV treatm ent in our 
study setting.

In addition, our population was composed of HIV-infected 
adults o f African origin, unlike the HIV-uninfected healthy
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Figure 1. M ean (+SEM) p la sm a  co n ce n tra tio n  versus tim e  o f 
(a) artem ether, (b) d ihydroartem isin in  a n d  (c) lu m efan trin e  for 
participants tak ing  o rte m e th e r/lu m e fa n tr in e  a lo n e  (AL alone) and  
artem ether/lum efantrine in com b in a tio n  w ith lopinavir/ritonavir (AL plus 
LPV/r).

volunteers o f primarily w hite  origin in th e  study  by Gernnan 
stal/°  Genetic variation m ay  c au se  inter-individucl pharm acoki­
netic variability due  to  polym orphism s o f g en es encoding drug- 
metabolizing enzym es.^^” In addition, drug pharm acokinetics 
may differ in healthy  vo lun teers co m p ared  w ith p a tien ts  with 
disease.

Further differences in th e  m ag n itu d e  o f th e  e ffects o f in ter­
action betw een  our d a ta  an d  th e  G erm an e t o/.^° d a ta  could 
have arisen from th e  six-dose co m p ared  with th e  single-dose 
regimen of a rtem eth er/lu m efan trin e . We adm in istered  a  single 
dose of a rtem eth er/lu m efan trin e  to  avoid any unknow n 

, [Adverse effects o f co -adm in istra tion  o f a rtem e th er/lu m efan trin e  
|, with lopinavir/ritonavir in HIV-infected participants. G erm an 

adm inistered  th e  s ta n d a rd  six-dose a rte m e th e r/lu m e fan ­
trine regimen to  healthy  vo lu n te e rs . A rtem ether undergoes 
Quto-induction of its m etabo lism , an d  a rtem eth er/d ih y d ro arte - 
misinin ratios a fte r 3 days o f tre a tm e n t w ith th e  s ta n d a rd  dose  
ore lower th an  th o se  seen  a fte r  a  single dose.^®

In bo th  stud ies lu m efan trine  exposure w as e levated  during 
co -adm in istra tion  w ith lopinavir/ritonavir; however, desp ite  th e  
e lev ated  lum efan trine  exposure, participan ts to le ra ted  th e  
study drugs very well, w ith all reported  adverse  even ts consisten t 
with w h a t had  previously b een  reported  for a rte m e th er/lu m e fan ­
trine an d  lopinavir/ritonavir. Our d a ta  did no t d em o n s tra te  evi­
dence  o f cardiac  conduction  abnorm alities. However, caution 
an d  sa fe ty  m onitoring o f H lV /m aloria-coinfected p a tien ts receiv­
ing a r tem e th er/lu m efan trin e  w ith lopinavir/ritonavir is advised. 
It will be im p o rtan t to  d e te rm in e  if th e se  effects a re  additive 
in th e  s ta n d a rd  six-dose a r tem e th er/lu m efan trin e  regim en in 
H IV /m alaria-coinfected p a tien ts  receiving lopinavir/ritonavir.

Ritonavir-boosted lopinovir influences th e  activity o f several 
CYP enzym es an d  drug tran sp o rte rs  such  a s  th e  efflux tran sp o rt­
er P-glycoprotein.^® Both lopinovir a n d  ritonavir inhibit intestinal 
an d  hepatic  CYP3A4 a n d  P-glycoprotein.^^'^° Inhibition of 
CYP3A4 or P-glycoprotein expression decreases biotransform o- 
tion, resulting in an  increase  in bioavailability o f co-adm inistered  
s u b s t r a t e s .® '^ P r e v io u s  d a ta  d e m o n s tra ted  increosed a r te ­
m ether, d ihydroartem isinin a n d  lum efan trine  exposure in th e  
p resence o f  th e  CYP3A4 inhibitors ketoconozole an d  grapefruit 
juice.^'’’̂ ^ Inhibitions o f CYP3AA a n d  P-glycoprotein a re  likely 
exp lanations for th e  increased  lum efan trine  exposure in our 
study.

The reduction  in a r te m e th e r  exposure w as unexpected , since 
CYP3A4 is su g g ested  to  be  th e  p red o m in an t CYP enzym e in th e  
m etabo lism  o f a rtem e th er.^ '’ A lthough a r te m e th e r  is p redom in­
an tly  m etabolized  via CYP3A4/5, o th er CYP enzym es (CYP2B6, 
CYP2C9, CYP2C19 a n d  possibly CYP2A6) ore involved.i°’” '''* Lopi­
navir/ritonavir w as show n to  induce CYP1A2, CYP2B6, CYP2C9, 
an d  CYP2C19.^”’̂ '’ The observed  increased  c learance and  
d ecreased  a r te m e th e r  exposure  is likely d u e  to  induction of 
th e se  CYP enzym es by lopinavir/ritonavir.

Dihydroartemisinin is converted  into inactive m etabo lites by 
UGTlAl, UGT1A8/9 a n d  UGT2B7.’°-” 'i '' Induction  and  inhibition 
of UGTs by xenobiotics hove been  described previously, an d  lopi­
navir/ritonavir w as show n to  inhibit UGTs lA l ,  1A3, 1A4, 1A6, 
1A9 an d  2B7.^^"’® However, w e  found  no sta tistica l difference 
in th e  pharm acokinetic  p a ram e te rs  o f dihydroartem isinin after 
lopinavir/ritonavir co-odm inistro tion  co m pared  with adm in istra ­
tion alone. The reason  for this is unclear, bu t m ight be due  to 
th e  sm all n u m b ers a n d  large inter-individual variability.

A rtem ether a n d  d ihydroartem isinin hove very sh o rt half-lives 
an d  rapidly c lear pa rasites  from  circulation.”  Both are  very 
p o ten t antim aloria l ag en ts , a lth o u g h  dihydroartem isinin is 
m ore potent.^® Lum efantrine has a  m uch longer half-life and  
m ainly clears residual parasites , preventing recrudescence. 
Higher a r te m e th e r  a n d  d ihydroartem isinin exposure d ecreases 
p a rasite  c learan ce  tim e ,”  bu t th e  m ajor d e te rm in an t o f radical 
cure is lum efan trine  exposure.''® Given th a t  HIV/malaria- 
coinfected  p a tien ts  p re sen t w ith higher parasite  counts, 
which is on in d ep en d en t predictor o f poor t re a tm e n t response,'’̂  
reduction in a r te m e th e r  exposure  m ay  predispose pa tien ts to  
develop severe m alaria  d u e  to  slow er p a rasite  clearance. The 
clinical relevance o f th e  p resen t findings should  be interpreted  
with caution  given th a t  w e ad m in istered  a single a rte m e th er/ 
lum efan trine  d o se  while a  six-dose a rtem eth er/lu m efan trin e  
regim en is ad m in istered  for m alaria  trea tm en t.

The reduction  in a r te m e th e r  exposure by lopinavir/ritonavir 
a fte r  th e  single a rte m e th er/lu m e fan trin e  dose  m ay be offset
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by the increase in lumefantrine exposure. Previous data revealed 
that lumefantrine exposure is the key determinant for malaria 
cure,'"^ therefore the increase in lumefantrine exposure during 
lopinavir/ritonovir co-administration may be beneficial for 
malaria cure. However, rapid clearance of artemether and 
reduced clearance of lumefantrine may create longer periods 
of exposure to lumefantrine monotherapy with the risk of 
development of resistance.

Conclusions

Co-administration of a single dose of artemether/lumefontrine 
with lopinavir/ritonavir significantly reduced artemether expos­
ure, with a significant increase in lumefantrine exposure. Popula­
tion pharmacokinetic and pharmacodynamic trials will be highly 
valuable in evaluating the clinical significance of this interaction 
and determining whether dosage modifications are indicated.
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T rea tm e n t o f  m a la r ia  in  H IV -in fec te d  in d iv id u a ls  receiv ing  a n tire tro v ira l  th e ra p y  (A R T ) p o ses  s ig n ific a n t challenges . A rtem e th e r- 
lu m e fa n tr in e  (A L) is o n e  o f  th e  a r te m is isn in -b a s e d  c o m b in a tio n  th e ra p ie s  re c o m m e n d e d  fo r  tre a tm e n t  o f  m a la ria . T h e  d ru g  
c o m b in a tio n  is h ig h ly  e fficac io u s  a g a in s t sensitive  a n d  m u ltid ru g  re s is ta n t fa lc ip a ru m  m a la r ia . B o th  a r te m e th e r  a n d  lu m e fa n tr in e  
a re  m e ta b o liz ed  by  h e p a t ic  c y to c h ro m e  P450  (C Y P 450) enzy m es w h ich  m e ta b o liz e  th e  p ro te a se  in h ib ito rs  (P is )  a n d  n o n n u c le o sid e  
reverse  tra n s c r ip ta se  in h ib ito r s  (N N R T Is) u sed  fo r H IV  tre a tm e n t.  C o a d m in is tr a t io n  o f  N N R T Is  a n d  P is  w ith  AL co u ld  p o ten tia lly  
c au se  co m p le x  p h a rm a c o k in e tic  d ru g  in te ra c tio n s . N N R T I by in d u c in g  C Y P450 3A 4 en zy m e  a n d  P is  by  in h ib itin g  C Y P450 3A4 
e n zy m es  c o u ld  in flu en ce  b o th  a r te m e th e r  a n d  lu m e fa n tr in e  c o n c e n tr a tio n s  a n d  th e ir  active  m e ta b o lite s  d ih y d ro a rte m is in in  a n d  
d e sb u ty l- lu m e fa n tr in e ,  p re d is p o s in g  p a tie n ts  to  p o o r  tre a tm e n t re sp o n se , tox icity , a n d  r isk  fo r  d e v e lo p m e n t o f  resistance . T h ere  
a re  sc a n ty  d a ta  o n  th ese  in te ra c tio n s  a n d  th e ir  co n seq u en ces . P h a rm a c o k in e tic  s tu d ie s  to  e v a lu a te  th e se  in te ra c tio n s  in  th e  ta rg e t 
p o p u la tio n s  a re  u rg e n tly  n eed ed .

1. Introduction

Hum an im m unodeficiency virus (H IV ) and malaria have 
overlapping geographical d istribution. Together, the two 
diseases account for 4 m illion deaths a year worldwide [1]. 
Over 90% o f  the world malaria burden occurs in sub-Saharan  
Africa, the region w ith 67% o f  the global HIV burden. Given  
the extensive overlap in geographical distribution o f  the 
two diseases, any interaction betw een the two could have 
profound public health consecjuences. In areas with stable 
malaria transm ission, HIV increases risk o f  malaria infection  
and clinical malaria especially in individuals with advanced 
im m unosuppression and in areas w ith unstable malaria

transm ission; H IV-infected individuals are at increased risk 
for severe malaria and death [1 ,2 ] ,

This vulnerable population  requires prom pt, safe and 
effective antimalarial treatm ent. Current guidelines for 
malaria treatm ent advocate use o f  artem isinin-based com ­
bination therapies (ACTs). Treatment o f  malaria in HIV- 
infected individuals receiving ART poses significant chal­
lenges w ith gaps in the know ledge o f  ART and ACT drug- 
drug interactions and their consequences.

Antiretroviral drugs are am ong the m ost therapeutically 
risky drugs for drug-drug interactions due to the potent 
inhibition and induction  o f  cytochrom e (CYP) enzymes 
as well as transport proteins. The com bination o f  at least
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th ree  d rugs fo r h ighly active ART increases th e  risk  for 
d ru g -d ru g  in te rac tions. T h e  risk o f  clinically  significant 
in te rac tio n s involving ART w h en  co ad m in is te red  w ith  su b ­
stra tes o f  CYP enzym es is co n sid erab le  an d  m ay result 
in  h igh co n cen tra tio n s  w ith  excessive tox ic ity  o r reduced  
co n cen tra tio n s  w ith  reduced  efficacy an d  risk  for devel­
o p m en t o f  resistance. C linically  sign ifican t C Y P-m ediated  
d ru g -d ru g  in te rac tio n s are m o re  likely to  o c cu r w ith n o n  
nucleoside  reverse tran scrip tase  in h ib ito rs  (N N R Ts) and  
p ro tease  inh ib ito rs- (P is-) based  ART reg im ens because these 
are substra tes, inducers, a n d /o r  in h ib ito rs  o f  CYP enzym es 
w hich m etabolize  the  m ajo rity  o f  d ru g s a n d  xeno b io tics  [3]. 
N ucleoside  reverse tran scrip tase  in h ib ito rs  do  n o t und erg o  
C Y P-m ediated  m etab o lism  a n d  are  less likely to  cause CYP- 
m ed ia ted  d ru g  in te rac tions. T hey  m ay cause in te rac tio n s 
by in fluencing  a b so rp tio n , d is tr ib u tio n , an d  e lim in a tio n  o f  
coad m in is te red  drugs.

2. Artemether-Lumefantrine Use in 
Treatment of Malaria

A rtem eth er and  lu m efan trin e  have d ifferen t m o d es o f  action  
and  act at d ifferent p o in ts  in th e  p arasite  life cycle. O ral 
fo rm u la tio n s o f  AL are available as tab le t a n d  dispersib le  
fo rm u la tio n s w ith  sim ilar p h a rm a co k in e tic  p ro p e rtie s  [4, 5], 
A six-dose reg im en o f  a r te m e th e r  (20 m g) co fo rm u la ted  
w ith  lu m efan trin e  (120 m g) is reco m m en d ed ; w ith  first and 
second  doses taken  e ight h o u rs  ap art, th e  th ird  dose  is taken 
24 h o u rs  after the  first an d  th e  rem ain in g  doses 12 ho u rs 
a p art [6, 7]. Food en h an ces ab so rp tio n  o f  b o th  a rtem e th er 
a n d  lu m efan trin e  a lth o u g h  th is effect is m o re  a p p aren t for 
lu m efan trin e  [8 -1 0 ], T he typ ica l fat c o n te n t o f  A frican 
d iets has been d e m o n s tra ted  to be  ad eq u a te  for o p tim al 
ab so rp tio n  o f AL [11], a lth o u g h  th e  loss o f  ap p etite , nausea 
a n d  v o m itin g  in  p a tien ts  w ith  m alaria  m ay  c o m p ro m ise  fat 
in take. Plasm a c o n ce n tra tio n s  o f  lu m e fan trin e  rem ain  h igh 
w ith  repeated  doses over th e  3 day course; how ever, p o o r 
adh eren ce  to th e  3-day reg im en  m ay red u ce  effectiveness 
o f  AL. In m u ltid ru g  resistan t areas, day  7 lu m efan trin e  
co n cen tra tio n  was a useful su rro g a te  m ark e r fo r AUC and  
co n cen tra tio n s  o f  less th an  280 ng /m L  p red ic ted  trea tm en t 
failure [9, 12].

Efficacy o f  th e  6 -dose  reg im en  o f  AL is consisten tly  
g reater th an  95% , w ith  rap id  parasite  a n d  sy m p to m  clearance 
a n d  significant gam etocidal effect [4, 1 3 -1 7 ]. A few cases o f  
trea tm e n t failure are reco rded  after AL trea tm e n t; however, 
these are m ostly  re in fections J18 -21]. T h is is o f  p a rticu la r 
co n cern  in  areas w ith  very in ten se  m alaria  tran sm iss io n  
w here an tim alaria l d rugs w ith  longer half-life  m ay offer the  
advantage o f  p rev en tin g  re in fection . It is also o f  concern  
in H IV -infected  ind iv iduals w ho are a t increased  risk for 
m alaria  in fec tion  [22]. Use o f  co trim o x azo le  p rophylax is and 
insecticide  trea ted  bed n ets m arked ly  reduces th e  incidence o f  
m alaria  in H IV -infected  in d iv idua ls a n d  are  reco m m en d ed .

AL is safe and  well to le ra ted . M a jo rity  o f  adverse 
events are o f  m ild o r  m o d era te  severity  m o stly  alTecting 
gastro in testina l and  n e rv o u s system s; how ever, m ost are 
typical o f  the sy m p to m a to lo g y  o f  m alaria  o r c o n co m itan t

infections ]4, 14-17 , 23]. A lth o u g h  lu m efan trin e  possesses 
sim ilar chem ical s tru c tu re  w ith  h a lo fan trin e  w hich  is k n o w n  
to cause cardiac  a rrh y th m ia  an d  su d d en  d eath , safety s tud ies 
have n o t sh o w n  lu m e fan trin e  to be card io tox ic  o r  to  p ro lo n g  
Q Tc interval at th e rap eu tic  doses [24, 25].

3. Pharmacology of Artemether

A rtem eth er is derived  from  the  C h inese  h e rb  sweet w o rm ­
w ood (Artcmisua anmui) .  T he an tim alaria l p ro p erties  o f  
a rte m e th e r stem  from  in terference  w ith  p a rasite  tran sp o rt 
p ro te ins, d is ru p tio n  o f  p arasite  m ito ch o n d ria l fu n c tio n , 
in h ib itio n  o f  angiogenesis, an d  m o d u la tio n  o f  host im m u n e  
fu n c tio n  [26]. A rtem e th e r is ab so rb ed  very rap id ly  after o ra l 
a d m in is tra tio n  reach ing  peak p lasm a co n cen tra tio n s  w ith in  
2 ho u rs  after dose  [8, 10, 12]. It has a half-life o f  1-3 
hours. It is m etabo lized  qu ick ly  via CYP450 2B6, CYP450 
3A4 and  possib ly  CYP450 2A6 [27, 28] to  th e  m ore  p o ten t 
an tim alaria l m etab o lite  D H A , w hich  in tu rn  is converted  
to inactive m etabo lites p rim arily  by g lu cu ro n id a tio n  via 
U G T lA l,  1A8/9 an d  2B7 [27]. A rtem e th e r in d u ces CYP450 
2C19 an d  3A4 [28]. DH A  reaches m ax im u m  plasm a c o n ­
c en tra tio n  w ith in  2-3 h o u rs  after dosing . A rtem eth er acts 
rap id ly  to  clear m alaria  parasites from  circu la tion . B oth 
a rte m e th e r an d  DH A  offer p o ten t an tim alaria l p ro p erties  
causing significant re d u c tio n  in asexual parasite  m ass o f  
ap prox im ate ly  10,000 fold (4 log) pe r reproductive  cycle, 
w ith  p ro m p t reso lu tio n  o f  sy m p to m s [29. 30].

4. Pharmacology of Lumefantrine

L u m efan trine  is an a ry l-am in o  a lcohol [27] th a t p reven ts 
detox ification  o f  heam , such th a t toxic heam  a n d  free radicals 
induce  parasite  d ea th  [31]. L u m efan trin e  a b so rp tio n  occurs 
2 h o u rs after o ra l in take reach ing  peak  plasm a co n ce n tra tio n  
after 3-4 h o u rs  ]9]. It has a h a lf  life o f  3 -6  days and  
is responsib le  for p rev en tin g  re cu rre n t m alaria  p a rasitem ia  
[32]. It is ab so rb ed  and  c leared  slowly acting  to  e lim ina te  
residual parasites th a t m ay  rem ain  after a rte m e th er and  
DH A  have been  cleared  from  th e  b o d y  an d  th u s  p reven ts 
recrudescence [8, 31]. L u m efan trin e  is m etabolized  by N - 
d eb u ty la tio n  m ain ly  by CYP450 3A4 [27, 28] to  desbuty l- 
lu m efan trin e  w ith  5 -8 -fo ld  h ig h er an tip a rasitic  effect th an  
lu m efan trin e . L um eftm trine  in h ib its  CYP450 2D 6 [28].

5. Pharmacology of Antiretroviral Drugs

C u rren t gu idelines for trea tm e n t o f  H I \ ' in  m o st resource 
lim ited  settings reco m m en d  c o m b in a tio n  th erap y  o f  2 NRTIs 
and  1 N N R TI as initial tre a tm e n t fo r ART naive pa tien ts 
and  for p a tien ts  w ith  trea tm e n t failure; 2N R TIs an d  1 PI are 
reco m m en d ed . T h e  NRTIs are analo g u es o f  n a tu ra lly  o ccu r­
ring  deoxynucleo tides needed  to synthesize v iral DNA. T hey 
are well ab so rb ed  after o ra l a d m in is tra tio n ; how ever, NRTIs 
m u st be converted  to th e ir  active m etabo lites, NRTI tr ip h o s ­
phates, in tracellu larly , after en d o cy to sis  by ad d itio n  o f  three  
p h o sp h a te  g ro u p s  to th e ir deoxyribose m oiety , a reac tion  
catalyzed by cellu lar k inase  enzym es. T he trip h o sp h a te
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m e tab o lite s  co m p e te  w ith  th e  n a tu ra l d eo x y n u cleo tid es for 
in co rp o ra tio n  in to  th e  v iral D N A  chain . T h e ir  in co rp o ra tio n  
in h ib its  fo rm atio n  o f  p h o sp h o d ie s te r  b ridges a n d  p reven ts 
viral D N A  synthesis a n d  e lo n g a tio n . M ost N R TIs are excreted 
u n ch an g ed  th ro u g h  th e  k id n ey  w hile  z id o v u d in e  is excreted 
via th e  liver th ro u g h  g lu co ro n id a tio n .

T h e  N N R TIs in h ib it reverse tran sc rip ta se  enzym e by 
b in d in g  d irec tly  a n d  n o n co m p e titiv e ly  to  th e  enzym e at a 
p o s itio n  in close p ro x im ity  to th e  su b s tra te  b in d in g  site for 
nucleosides in d u cin g  c o n fo rm a tio n a l changes th a t  im pact 
enzym e cataly tic  activ ities. T he re su ltin g  com plex  b locks the 
catalyst activated  b in d in g  site w hich in tu rn , b in d s  fewer 
nucleosides, slow ing d o w n  p o ly m eriza tio n  significanriy 133]. 
N ev irap in e  an d  Efavirenz are th e  tw o N N R T Is available for 
use in m o st m alaria  e n d em ic  reg ions [34].

6. Nevirapine

N ev irap in e  is a d m in is te red  w ith  a dose  escalation  schedule 
s ta r tin g  a t an  a d u lt dose  o f  200 m g once  daily  for 2 weeks 
fo llow ed by 200 m g tw ice daily  th ereafte r because  o f  the  
p o ten tia l for adverse even ts a n d  m etabo lic  a u to in d u c tio n  
o f  CYP450 enzym es. A b so rp tio n  is n o t affected by food, 
acids, o r  alkali, an d  m o re  th a n  90%  o f  th e  ad m in iste red  
dose is abso rb ed  afte r o ra l in tak e  [35] w ith  b ioavailab ility  
o f  m o re  th an  90%  a n d  a b o u t 60%  p ro te in  b in d in g .[36] 
T he e lim in a tio n  h a lf life is 2 5 -3 0  h o u rs. It is d is tr ib u ted  
th ro u g h o u t the  b o d y  [35], m etab o lized  by  CYP450 3A4 and  
2B6, a n d  excreted  via th e  liver a n d  k idneys in th e  fo rm  o f 
g lu cu ro n id e  co n jugates o f  hydrox)'lated  m etab o lites  [35]. It 
is b o th  a su b stra te  a n d  in d u ce r o f  C YP450 3A4, an d  2B6 [36].

T olerability  to  n ev irap in e  in m ajo rity  o f  p a tien ts  is 
relatively go o d  [37]. T h e  adverse even t m o st co m m o n ly  
observed  is a hy p ersen sitiv ity  rash , o c cu rrin g  in a b o u t 16% 
o f  pa tien ts w ith  a b o u t 7%  ex p erien c in g  grade  3 o r 4 rash 
w ith  th e  Steven Joh n so n  sy n d ro m e . H ypersensitiv ity  is m ore  
co m m o n  d u rin g  th e  first 6 w eeks o f  trea tm e n t [35]. T he 
second  c o m m o n  adverse even t is h e p a to to x ic ity  w ith  elevated 
liver enzym es. Fem ale sex a n d  a h igh  C D 4 cell coun t 
are associated  w ith  h ig h er inc id en ce  o f  n e v irap in e -in d u ced  
hypersensitiv ity  [35, 38].

7. Efavirenz

Efavirenz is available as capsu les, film -coated  tab le ts and  liq ­
uid fo rm u la tio n  for o ra l a d m in is tra tio n . T h e  reco m m en d ed  
a d u lt dose is 600 m g  od , tak en  o n  an  e m p ty  stom ach , 
preferably  at b e d tim e  to  d im in ish  po.ssible neu ro p sy ch ia tric  
side effects th a t are  e n h an ced  w ith  increased  b ioavailability  
in presence o f  food . It is h igh ly  p ro te in  b o u n d  (> 99% ), 
p red o m in an tly  to  a lb u m in  [39]. O ral b ioava ilab ility  is good; 
reach ing  peak p lasm a c o n c e n tra tio n s  w ith in  3 -5  h o u rs  after 
dose  a d m in is tra tio n . It has a lo n g  se ru m  half-life o f  45 ho u rs  
an d  reaches steady-sta te  p lasm a c o n ce n tra tio n s  in 6 to 10 
days [40]. Efavirenz is a su b s tra te , in h ib ito r  a n d  in d u ce r o f 
several CYP450 en zym es (2B6, 3A4, 2A6, 2C9, a n d  2C 19) 
an d  induces its ow n m etab o lism  [39]. It is m etabo lized  
to inactive hydroxylated  m etab o lites  th a t include  8-hydox)’

an d  7-hydroxyefavirenz. H ydroxylated  efavirenz m etabo lites 
u n d e rg o  su b seq u en t u r in a ry  an d  b iliary  excretion  after 
co n ju g a tio n  m ain ly  g lu cu ro n id a tio n .

T he safety p ro file  o f  efav irenz is good  w ith  m in o r  side 
effects inc lu d in g  sk in  rash  an d  neu ro p sy ch ia tric  events. T he 
rash is m acu lo p ap u lar, o ften  o f  m ild  to  m o d era te  in ten sity  
(g rad e  I o r  2), o c cu rr in g  betw een  th e  first and  th ird  week 
o f  trea tm e n t w ith  in c id en ce  up  to  34%  [40]. It resolves 
sp o n tan eo u s ly  w ith in  o n e  m o n th  o r  w ith trea tm e n t in te r­
ru p tio n , a fte r w hich  efav irenz m ay be re in itia ted  cautiously. 
T he incidence o f  g rad e  3 o r  4 rash  w ith  S tevens-Johnson  
sy n d ro m e  is o n ly  0 .1% , a n d  on ce  it occurs, trea tm e n t 
sh o u ld  be s to p p ed  im m edia te ly . N eu ro psych ia tric  events m ay 
o ccu r inc lu d in g  d izziness, in so m n ia , so m n o len ce, im paired  
co n ce n tra tio n , v ivid d ream s, a n d  n ig h tm ares. M ore severe 
events like severe d ep ress io n , su icidal id ea tion , nonfa ta l 
su ic idal a ttem p ts , aggressive b ehav iour, p a ran o id , an d  m anic  
reac tions se ldom  o c c u r  [41]. H ep ato to x ic ity  has been  show n 
to  o ccu r d u rin g  e fav irenz trea tm e n t [38] w ith  increased  risk 
in p a tie n ts  w ith  c h ro n ic  viral hepatitis. O th e r side effects 
in clu d e  gynaecom astia , increase  in  H D L -cholestero l, and 
elevated  triglycerides.

8. Lopinavir/Ritonavir

T he Pis p reven t v iral rep lica tio n  by  in h ib itin g  activ ity  o f 
the H IV  p ro tease  enzym e a n d  p rev en tin g  HIV  from  being  
successfully assem bled  a n d  re leased  fro m  th e  in fec ted  C D 4 
cell. HIV-1 p ro tease  is an asp artic  p ro tease  th a t cleaves 
b o th  s tru c tu ra l an d  fu n c tio n a l p ro te in s  from  p recu rso r viral 
po ly p ep tid e  s tran d s. In h ib itio n  o f  the  p ro tease  p roduces 
im m atu re , n o n in fec tio u s  v irions, th u s  p rev en tin g  su b se ­
q u e n t cellu lar in fec tio n  [42]. L opinav ir co fo rm u la ted  w ith  
rito n av ir is the  m o st freq u en tly  p rescribed  PI in m ost m alaria  
endem ic  regions.

L opinav ir is 3 to  4 tim es m o re  active against H IV  th an  
ritonav ir; how ever, w h en  lo p in av ir is ad m in iste red  alone, 
it exh ib its  p o o r  b ioavailability . L op inav ir is m etabolized  
e.xtensibly by  C Y P450 3A4 an d  co ad m in is tra tio n  w ith  r i to n ­
avir w hich  is a p o te n t in h ib ito r  o f  C Y P450 3A4 results in 
increased  and  su s ta in ed  c o n ce n tra tio n s  o f  lo p in av ir [43]. 
B oth d rugs a re  p r im a rily  e lim in a ted  by th e  fecal ro u te  w ith  
u rin a ry  excretion  a cc o u n tin g  fo r < 2%  o f  th e  e lim in a ted  d ru g  
[44]. T he c o -fo rm u la tio n  is available in tab le t fo rm u la tio n  
called (A luvia) fo r ad u lts , each  tab le t co n ta in in g  200 m g 
lo p in av ir a n d  50 m g  ritonav ir.

T he s ta n d a rd  dose  is 400 m g /100 m g tw ice daily  in 
trea tm e n t ex p erienced  p a tien ts . C o m b in a tio n  th e rap y  w ith  
lo p in a v ir/r ito n av ir  c o n ta in in g  reg im ens is well to le ra ted  and  
effective in su p p re ss in g  H IV -R N A  a n d  increasing  004"^ T  cell 
co u n ts  [43]. T h e  m o st freq u en t side effects are generally  m ild  
to m o d era te  an d  m ain ly  in th e  gastro in testin a l system  w here 
d iarrh ea , nausea, a n d  v o m itin g  m ay occur. O th e r side effects 
are hy p ertrig ly ce rid em ia , h y p ercho leste ro lem ia, p an creatitis , 
tran s ien t e levations in tran sam in ase  levels, insu lin  resistance, 
new  onse t d iabe tes, a n d  w o rsen in g  o f  p re-ex isting  d iabetes. 
Fat re d is tr ib u tio n  occu rs  w ith  cen tra l obesity, dorsocerv ical 
fiU en la rg em en t (bu ffalo  h u m p ) , p e rip h e ra l w asting , facial
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w asting, breast en largem en t, an d  cu sh in g o id  appearance. 
Less com m on  adverse effects include  allergic reac tion , a sth e ­
nia, m alaise, headache, m yalgias, a rth ra lg ias , m yocardial 
in farction , seizures, an d  lactic acidosis [43].

9. Potential for Pharmacokinetic 
Interactions between AL and ART

9.1. Effect o f  A R T  on AL. C o a d m in is tra tio n  o f  N N R TI o r  PI- 
based ART w ith  AL cou ld  po ten tia lly  cause d ru g  in te rac tio n s 
w ith  effects on  th e  p lasm a c o n ce n tra tio n s  o f  a rte m e th e r and  
lum efan trin e  w ith  u n k n o w n  effects o n  p arasite  clearance 
and adverse effects. T h ere  are very scan ty  da ta  on  these 
in te rac tio n s an d  th e ir effects, yet AL a n d  ART c o n tin u e  to 
be  coprescribed  in m alaria  en d em ic  regions. A study  that 
investigated the p h arm aco k in e tic s  o f  th e  s tan d ard  6 dose 
o f  AL as 80/480 m g twice daily  w hen  ad m in iste red  w ith 
lo p in av ir/rito n av ir 400/100 m g tw ice daily  in healthy  HIV- 
seronegative vo lu n tee rs d e m o n s tra ted  2- to  3-fo ld  increases 
in lu m efan trine  AUC an d  tren d s  tow ards decreases in 
a rtem e th er Cmax and  AUC w ith  decrease  in D H A  AUC. 
T he au th o rs  co n clu d ed  th a t c o ad m in is tra tio n  o f  AL and 
lo p in av ir/rito n av ir can  be  carried  o u t b u t h igh ligh ted  the  
need  for form al safety analysis o f  co n co m ita n t th erap y  
[45]. D ata from  a n o th e r  p h a rm aco k in e tic s  study  o f  HIV- 
infected p a rtic ip an ts  w ith o u t m alaria , su rp ris in g ly  d e m o n ­
stra ted  significantly  increased  lu m e fan trin e  exposure  w hen 
coadm in iste red  w ith  n ev irap in e  a lth o u g h  tox ic ity  was no t 
increased  [46].

9.2. Effect o f  A L  on ART. It is n o t k n o w n  w hat p lasm a levels 
o f  ART will resu lt if  AL is a d m in is te red  w ith  ART; however, 
since m alaria  in fection  occurs as an  acu te  illness req u irin g  a 
sh o rt course o f  therapy , th e  effect o f  AL o n  ART m ay only 
be tran s ien t w ith  clinically in sign ifican t results. How ever, in 
m alaria  endem ic  regions, w'here in d iv idua ls are exposed to 
repeated  m alaria  infections req u irin g  trea tm e n t, th e  effect 
o f  d ru g  in te rac tio n s co m b in ed  w ith th e  tran s ie n t increase in 
viral replication  a n d  viral load  [47] m ay  be s im ilar to effects 
o f  su b op tim al adherence  to  ART.

10. Conclusion

T here  is po ten tia l for p h a rm aco k in e tic  d ru g  in te rac tio n s 
betw een  AL an d  N N R TIs a n d  P is in H IV -infected  pa tien ts 
w ith m alaria. D ata o n  these in te rac tio n s  is sparse. These 
in te rac tions, if n o t p ro p erly  addressed , m ig h t have an im pact 
on  the  Useful T h erap eu tic  Lives (U T L ) o f  th e  con cern ed  
drugs. Results o f  p h a rm aco k in e tic  s tu d ies  ev a luating  these 
in te rac tio n s in d ep th  an d  th e ir  im p lica tio n s  are needed .
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B ackground. W e a im e d  to  assess card iac  c o n d u c t io n  safety  o f  c o a d m in is tra t io n  o f  th e  CY P3A 4 in h ib ito r  lo p in a v ir /r i to n a v ir (L P V /r)  
a n d  th e  CY P3A 4 su b s tra te  a r te m e th e r - lu m e fa n tr in e  (AL) in  H IV -positive  U g an d an s . M ethods. O p c n -la b e l safety  s tu d y  o f  HIV- 
p o s itiv e  a d u lts  a d m in is te re d  s in g le -d o se  AL (8 0 /4 0 0 m g )  a lo n e  o r  w ith  L P V /r (4 0 0 /1 0 0  m g ). C ard ia c  fu n c tio n  w as m o n ito red  
u s in g  c o n tin u o u s  e le c tro c a rd io g ra p h  (E C G ). Results. T h ir ty - tw o  p a tie n ts  w ere e n ro lle d ; 16 ta k in g  L P V /r -based  ART a n d  16 ART 
naive. All to o k  s ing le  dose  AL. N o  se rio u s  adverse  even ts  w ere o b served . ECG p a ra m e te rs  in  m illisec o n d s  re m a in e d  w ith in  n o rm a l 
lim its . Q T c m e a su re m e n ts  d id  n o t ch an g e  sig n ifican tly  over 72 h o u rs  a lth o u g h  w ere h ig h e r  in  L P V /r a rm  al 24 (424 versus 406; 
P  = .0 2 ) a n d  72 h o u rs  (424  ve rsus  408; P  =  .004) a fte r AL in take . C onclusion. C o a d m in is tr a t io n  o f  s ing le  dose  o f  AL w ith  L P \7 r  
w as safe; how ever, safety  o f  s ix -d o se  AL re g im en  w ith  L P V /r sh o u ld  be  investigated .

1. Introduction

Malaria and HIV infection are leading causes o f  morbidity 
and mortality and remain major health problems in endemic 
regions. Malaria causes about 300-500 million clinical cases 
annually, 90% of which occur in sub-Saharan Africa [1]. 
The Joint United Nations Program on HIV/AIDS (UNAIDS) 
estimated that 29.4 Million Africans are infected with HIV 
(UNAIDS, December 2002). Together malaria and HIV 
account for over four million deaths per year.

Studies have demonstrated increased risk for malaria in 
HV infected patients especially those with lower CD4 cell 
counts [2-4]. More evidence suggests transient increase in 
HIV viral load in patients with acute malaria episodes [5]. A

major challenge to the treatment o f  malaria in HIV-infected 
individuals is the potential for pharmacokinetic (PK) drug 
interactions with concerns regarding safety and efficacy (6|.

Due to the widespread resistance to older antimalarial 
drugs, the World Health Organization now recommends 
artemisinin combination therapy (ACT) for malaria treat­
ment (7], Artemether-lumefantrine (AL) is an oral fixcd- 
dose combination tablet o f  artemether (a derivative of 
artemisinin) and lumefantrine (a racemic mixture of a 
synthetic fluorine derivative). The drug combination is 
highly efficacious against sensitive and multidrug resistant 
Plasmodium fn lc ip a n tm \  with the advantage o f  rapid clear­
ance o f  parasites by artemether and the slower elimination of 
residual parasites by lumefantrine |7-9].
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R ecom m enda tions  for antire trovira l  therapy  (ART) 
include two nucleoside reverse transcr ip tase  inhibitors 
(NRTls) plus a nonnucleoside  reverse transcrip tase  inhib itor  
(NN R TI)  or  a protease inh ib i to r  (PI).  Lopinav ir /r i tonav ir  
(LPV/r) is an oral fixcd-dose c o m b in a t io n  tablet o f  LPV 
(a PI) with low dose r itonavir, a p h a rm a co e n h a n ce r  
that  significantly increases LPV p lasm a concen tra t ions  by 
cy tochrom e P450 3A4 (CYP3A4) inhibition.

Concerns over safety m o n i to r in g  o f  LPV/r have becom e 
m ore  crucial following the recent FDA alert on  cardiotoxicity  
of LPV/r. Safety in fo rm a t ion  on  LPV/r includes warnings 
and  precautions regarding Q T /Q T C  interval and  PR interval 
prolongation . According to the  revised safety label, LPV/r 
prolongs the PR interval, a n d  cases o f  second- o r  third- 
degree a tr ioventricular  block have been reported  in som e 
patients . Indeed LPV/r .should be  used w ith  cau t ion  in 
pa tients w ho  may be at increased risk o f  developing cardiac 
conduct ion  abnormali t ies ,  such as those  w ith  underly ing 
struc tura l  heart  disease, preexisting c o n d u c t io n  system 
abnormalit ies,  ischemic heart  disease, o r  cardiomyopathies .  
The  effect on  the PR interval o f  co ad m in is t ra t io n  o f  LPV/r 
with o ther  drugs that  p ro long  the PR interval has not yet 
been de te rm ined  and should  be  u n d e r tak en  w ith  caution.  
Clinical m o n ito r in g  is re co m m e n d e d  especially d u r in g  co ad ­
m in istra tion  with drugs m etabolized  by CYP3A [ 10].

Data  from previous studies indicate that  a r tem e th er  and  
lum efan tr ine  are p red o m in an t ly  m etabolized  by CYP3A4 [6, 
11, 12]. Knowledge o f  their  m etabo lism  suggests potential  for 
PK d ru g -d ru g  in teractions [6]. LPV/r is a p o ten t  inh ib i to r  o f  
CYP3A4, therefore,  inh ib it ion  o f  CYP3A4 m ay raise plasma 
concentra t ions  o f  a r tem e th er  a n d  lu m efan tr in e  b u t  decrease 
plasma concen tra t ions  o f  d ih ydroar tem is in in  (D H A ) the 
metabolite  o f  artemether.  A s tudy that  investigated the 
pharm acokine tics  o f  AL w h en  adm in is te red  w ith  LPV/r 
in HIV-uninfected healthy vo lun teers  d e m o n s tra ted  2 to 
3-fold increases in lum efan tr ine  AUC a n d  t rends  towards 
decreases in a r tem e th er  Cm.nx a n d  AUC. Form al safety 
analysis o f  coadm in is tra t ion  was n o t  p e rfo rm ed  in this  s tudy 
[13]. Increased plasma c o n cen tra t io n s  o f  a r tem e th er  and  
lumefan tr ine  may enhance  toxicity. Lum efan tr ine  has som e 
struc tura l  similarity to ha lofimtrine  which  is cardiotoxic 
m ainly  in form  o f  Q T c pro longat ion .  Therefore,  vigilant 
evaluation o f  the cardiac safety o f  lumefiintr ine,  especially 
w hen  coadm inis te red  with a p o ten t  CYP3A4 inhibitor,  is 
warran ted  [14-17].  We a im ed  to assess the cardiac safety o f  
coadm in is tra tion  o f  a single dose  o f  AL (80/480 mg) with 
LPV/r based ART in HIV-positive U g an d an  patients .

2. Materials and Methods

2.1. Ethical Considerations. The  s tudy  was approved  by 
the Scientific Review C o m m it te e  o f  the Infectious Diseases 
Insti tute  (IDI) o fM a k e re re  University, the  U ganda  National 
HIV/AIDS Re.search C o m m it te e  (ARC 056) a n d  was regis­
tered with Uganda  National  Coimcil  o f  Science an d  Tech­
nology (US 197) an d  ClinicalTrials .gov (N C T  00619944). All 
participants  gave wri t ten  in fo rm e d  consen t  to participate, 
and  all s tudy procedures were co n d u c ted  accord ing  to G ood  
Clinical Practice (GCP).

2.2. Study  Site. The  s tudy  was co n d u c ted  between January 
2008 a n d  June 2009 at the  IDI and  the  Uganda  Heart  
Insti tute  (U H I)  o f  M ulago Nationa l  Referral Hospital in 
Kampala, Uganda. T he  IDI is a regional centre  o f  excellence 
for HIV/AIDS t rea tm en t,  p reven tion ,  tra in ing  a n d  research. 
To date, over 20,000 HIV-infected  patients  are registered at 
the IDI with  over 8,000 tak ing  ART. A bout 10% these are on 
LPV/r-based second line ART.

2.3. S tu d y  Design and  Population. This was a tw o-a rm  s tudy 
to assess the safety o f  co ad m in is t ra t io n  o f  AL in HIV-positive 
pa tients  taking LPV/r-based ART a n d  ART naive patients . 
Patients were eligible to pa r tic ipa te  if they  were older th an  
18 years o f  age, p rov ided  w ri t ten  in fo rm ed  consent,  had  no 
evidence o f  systemic illness an d  required  no m edicat ions  tha t  
had  k n o w n  potential  for d ru g  in te rac t ions w ith  s tudy drugs. 
Patients w ith  a b n o rm a l  E C G  tracing, ab n o rm a l  clinical test 
results, positive b lood  sm e a r  for malaria ,  p regnant  m o th e rs  
and  those  w h o  rep o rted  use o f  herbal  m edicat ion  were 
excluded from the  study.

2.4. S tu d y  Procedures. Pat ients  were screened a n d  enrolled 
from the cohort  o f  pa t ien ts  a t tend ing  the  IDI. The LPV/r 
a rm  consisted o f  patients  s table  on  LPV/r 400/100 m g-based  
ART for at least o n e  m o n th  a n d  the  ART naive a rm  consisted 
o f  pa tients w h o  had n o t  s ta r ted  ART and were not yet 
eligible for ART accord ing  to na tiona l  guidelines. Patients in 
bo th  a rm s  took  co tr im oxazole  daily for prophylaxis against 
op p o r tu n is t ic  infections. Part ic ipants  had deta iled study  
explanation  at e n ro lm en t .  Adherence  to  s tudy  drugs was 
assessed using self-report  a n d  pill co u n t  by the s tudy p h a r ­
macist.  We collected in fo rm a t io n  o n  adverse d ru g  events and  
serious adverse d ru g  events, and  a quest ionna ire  on  quality  
o f  life was adm in is te red  o n  each s tudy day. O n  the evening 
pr io r  to the s tudy day, pa r t ic ip an ts  were rem inded  o f  their  
s tudy day a p p o in tm en t ,  were given detailed instruct ions to 
take their  m ed ica t ion  a n d  food at 8.00 pm , a n d  told to 
arrive at the hospital  by  7.00 am  in a fasting state. O n  
the study  day, patients  were ad m i t te d  at the  UH I and  a 
12-lead ECG m o n i to r  was a t tached  for co n t in u o u s  cardiac 
func tion  m on ito r in g .  T h e  in take o f  a s tandard ized  breakfast  
and  m o rn in g  doses o f  d ru g s  was directly  observed by study  
staff. All patients  took  a single dose  o f  AL o f  80/480 m g  
with I S O m L o f  water. Patients in the  LPV/r a rm  took  LPV/r 
(400/100 mg) with the i r  AL dose. ECG m o n ito r in g  was 
pe rfo rm ed  c o n tinuous ly  for the  first 12 ho u rs  after AL intake. 
Patients were then  d ischarged a n d  re tu rn ed  for the following 
three m o rn in g s  (T  = 24, 48, a n d  72 hours)  for a single ECG 
tracing.

2.5. Safety Assessment. Medical history, physical ex am in a ­
tion, vital signs, ro u t in e  clinical labo ra to ry  tests, ECGs and  
urine  screens for p reg n an cy  were pe r fo rm ed  at screening. 
O n  the s tudy day, m edical  history, physical exam ination ,  
vital signs, a n d  a b lo o d  sm e a r  for malaria  parasites were 
perform ed .  Adverse events  were recorded continuously  
th ro u g h o u t  the  trial, a n d  the  onset,  d u ra t io n ,  severity, and  
relationship to the trial d ru g s  if  any were noted . Standard
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T a b l e  I : shows a comparison o f  the baseline characteristics of study 
patients.

Variable
LPV/r arm 

median (IQR)
ART iiaive arm 
median (IQR)

P value

Age (yrs ' 38 ( 3 3 ^ 1 ) 34(28-39) ,2

Weight (kgs) 65(54-73) 64 (56-71) .9

Height (cms) 163(158-172) 163 (153-169) .1

BMl 21 (19-24) 25(22-31) .06

Viral load (c/mL) <400 26756(5548-181186) <.01

Hh (g/dl.) 14 (14-15.4) 12.2(12-14) .003

T a iu .f, 2; shows the mean electrocardiograph (F.CG) parameters in 
milliseconds after AL dosing.

Variable
LPV/r arm 
mean (SD)

ART naive arm 
mean (SD)

P value

Heart rate 69 (8.1) 71 (5.9) .5

PR 154 (18.4) 169(15.9) .02

QRS 87.4 (6.6) 82.8 (6.6) .06

QTc 421 (20.0) 404 (20.7) .03

12-lead ECGs were recorded  at screening, imm edia te ly  p r io r  
to dosing  (T  = 0 h o u r ) ,  and  c o n t in u o u s ly  for 12 hours
after dose  o f  AL, then  daily  for three  days. QTc-intervals 
were calculated using th e  Bazett fo rm u la  (QTc = QT/-^ v R R )  
[37, 38j to correct for the  in lluence  o f  hear t  rate. A senior 
cardiologist  evaluated  the  PR, QRS, a n d  Q T  intervals visually 
on  the ECG.

2,6. Statistical Analysis. D e m o g rap h ic  and  ECG results were 
en tered  in to  EpiData  an d  ex p o r ted  to SPSS version 12.0 
and  STATA version 8.0 for statistical analysis. C o n t in u o u s  
variables were su m m ar iz ed  in to  m eans,  and  m edians  and 
co m p a red  using the  In d e p e n d e n t  T-test.  A P-va lue  < .05 was 
considered  statistically s ignificant.

3. Results

A total o f  72 m V -p o s i t iv e  pa t ien ts  (41, 65%  females) were 
screened between lanua ry  an d  June 2009; 12 (17% ) were 
excluded because they h ad  o th e r  co n cu r re n t  illnesses that 
required  t rea tm ent,  28 (39% ) were excluded because they 
had a bnorm a l  ECG tracings a n d  32 (44%) were enrolled, 
16 in each arm . Patients in the two s tudy a rm s were 
com parab le  on  m ajori ty  o f  baseline characteris tics (Table 1); 
however, pa tients in the LPV/r a rm  had significantly higher 
hem oglob in  levels with lower viral load.

There  were  no  serious adverse events d u r in g  the  study 
period . ECG param ete rs  (hear t  rate, PR-interval, QRS- 
complex and QTc) rem a ined  well w i th in  n o rm al  limits in 
bo th  s tudy a rm s  (Table 2). T h e  m ean  Q R S-com plex  and  QTc 
interval after AL a d m in is t ra t io n  were h igher  in the LPV/r 
a rm  com pared  to the ART naive a rm  (87.4 versus 82.8, 
P -  .06 and  421 versus 404, P  = ,03, resp.) b u t  the m ean  
PR-interval was significantly h igher  in the  ART naive arm 
(154 versus 169, P = ,02) (Table 2), M ean (SD) change in

T a d i.e 3: sh o w s th e  m e d ia n  Q T c  in te rv a l m e a su re m e n ts  in m illisec ­
o n d s  over 72 h o u rs  p e rio d  a fte r AL d o sin g .

Time
QTc (ms) median (IQR) 

I,PV/r arm .'\RT naive arm
P value

Screening 415(403-439) 395(388-425) .14

12 hours 415(404-439) 419 (403-427) .7

24 hours 424 (401-434) 406 (393-411) .02
48 hours 411 (396-432) 409 (401-419) ,7

72 hours 424(416-441) 408(392-417) .004

QTc interval values f rom  the  pre-AL QTc interval values was 
greater for the  ART naive a rm  c o m p ared  to the LPV/r arm 
(6.7 (15.4) versus - 0 . 8  (13), P =  ,17). The  QTc interval 
m easu rem en ts  for p a r t ic ipan ts  in b o th  s tudy a rm s  remained 
within n o rm al  ranges over the  72 ho u rs  per iod  (Table 3); 
with n o n e  above the  u p p e r  limit o f  no rm al  (450 ms for males 
and 470 ms for females).

4. Discussion

LPV/r is a po ten t  in h ib i to r  o f  CYP3A4, therefore, c o a d m in ­
is tration with AL which is p re d o m in an t ly  m etabolized by 
CYP3A4 may potentially  result  in en h an c ed  pharmacological 
and  toxicological effects. We a im ed  to assess the cardiac safety 
o f  c o ad m in is tra t io n  o f  a single dose  (80/480 mg) o f  AL in 
HIV-infected pa tien ts  taking LPV/r based ART and  HIV 
positive ART naive pa tients .  Since LPV/r is a po ten t  CYP3A4 
inhibitor,  only  a single dose  o f  AL was given in o rd e r  to avoid 
any u n k n o w n  potential  adverse effects o f  the  latter.

We found  th a t  HIV-positive pa tients  taking LPV/r had a 
h igher QTc interval p r io r  to a d m in is t ra t io n  o f  AL com pared  
to HIV-positive ART naive patients ,  nevertheless, the differ­
ence was no t  statist ically significant.  It is possible that  this 
could  have been a result o f  the  etTects o f  LPV/r o n  the heart; 
however, we c an n o t  establish a causal re la tionship  since we 
did n o t  have Q T c m ea su re m e n ts  for these pa tients p r io r  to 
init iation o f  L P V /r  This  however, raises concern  especially 
in view o f  the  recent  FDA alert over the  effects o f  LPV/r 
on  the heart.  Indeed  the label for LPV/r includes warnings 
and precau tions  regarding Q T /Q T c  interval and  PR interval 
p ro longat ion  (10 |.

A l though  the  Q T c interval for the LPV/r a rm  was 
significantly h igher  th an  tha t  for the ART naive arm  at 
72 hours ,  the  difference cou ld  no t  be a t t r ibu ted  to LPV/r 
co adm in is tra t ion  w ith  AL because  baseline QTc interval 
was h igher in the  LPV/r a r m  an d  bo th  s tudy  a rm s  had 
an increm en t  in Q Tc interval values f rom  baseline which 
rem ained  well w i th in  n o rm a l  l imits  (Table 3). It is possible 
that  the  increm en t  in the Q Tc intervals cou ld  have been m ore  
if pa tients  had  received the  full six-dose reg im en o f  AL. The 
LPV/r label clearly states th a t  LPV/r should  be  avoided in 
patients using d rugs  tha t  p ro lo n g  the QT interval. Since we 
do n o t  know  what  levels an d  effects o f  lum efan tr ine  would  
result if  the full six-dose AL regiinen is coadm inis te red  with 
LPV/r, we suggest close clinical m o n i to r in g  o f  HIV-positive 
patients  taking LPV/r w ith  AL co n co m itan tly  until  m ore  data  
becom es available.
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This is o n e  o f  the very few studies tha t  have assessed the 
cardiac safety o f  co ad m in is tra t io n  o f  AL a n d  LPV/r in HIV 
positive patients . Previous studies  have evahiated  safety o f  AL 
in heahhy  volunteers and  pa tien ts  with  malaria . B indschedler  
and  others fo u n d  that  the QTc interval rem ained  unchanged  
after a single dose o f  AL in healthy males [14]. The  
difference in results m ay be explained by the  difference in the 
s tudy  populat ions.  Bindschedler and  o th e rs  d em o n s tra ted  
significant exposure  d ep en d e n t  increase in the Q Tc interval 
in healthy males after halofiintrine. It is possible that  LPV/r 
coadm inis te red  w ith  a full six-dose reg im en  o f  AL m ay cause 
increased concen tra t ions  o f  lu m efan tr in e  causing an  e xpo­
sure  d ependen t  QTc interval p ro longat ion .  Previous data 
showed no evidence o f  cardiotoxicity  d u r in g  AL t rea tm en t  
in healthy volunteers  [18]. However, the.se were con d u c ted  
in patients with  malaria  w i th o u t  co ad m in is t ra t io n  o f  LPV/r. 
It is possible tha t  results may be different with  c o n co m itan t  
trea tm en t  with the  full s ix-dose AL reg im en  and  LPV/r.

5. Conclusion and Recommendation

O u r  data  suggests no  evidence o f  cardiac  c o n d u c t io n  a b n o r ­
malities after c o n co m itan t  t r ea tm en t  w ith  LPV/r and  a single 
dose AL. There  is need to assess the  safety o f  the full six-dose 
regimen o f  AL in HIV positive pa t ien ts  receiving LPV/r based 
ART.
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Abstract: Artemcthcr luniefantrine is one o f the arteinisisnin-based combination therapies 
recommended for treatment of uncomplicated /ti/cvpan/w malaria. The drug combination is 
highly eflkacious against sensitive and mullidrug resistant falciparum malaria. It offers the 
advantage o f rapid clearance o f parasites by artemether and the slower elimination of residual 
parasites by lumefantrine. The combination can be used in all populations except pregnant 
mothers in the first trimester where safety is still uncertain. There are still concerns about safety 
and pharmacokinetics o f the drug combination in children, especially infants, pregnant mothers 

and drug interactions with mainly non-nucleoside reverse transcriptase inhibitors and protease 
inhibitors used for HIV therapy.

Keywords: artemether-lumefantrine, efficacy, efTectivcness. safety, malaria

Introduction
Malaria is a febrile illness caused by intracellular protozoa o f the genus Plasmodium, 
and transmitted by the bite o f an infected female mosquito o f the genus Anopheles. 
Plasmodium  species that cause disease in humans include: P. falciparum, P. vivax, 
P. walariae, P. ovale, and P. knowlesi. P. falciparum  is the most prevalent and most 

virulent. Worldwide, malaria is one o f  the most important causes o f  m orbidity and 

mortality. Approximately 2.2 b illion  people are exposed to malaria every year o f whom 

about 300 to 500 m illion develop disease. In 2006, there were 247 m illion cases o f 

malaria, causing nearly 1 m illion deaths, mostly among African children.' Malaria deaths 

arc responsible for almost 3% o f  the world's disability-adjusted life  years, not counting 

the consitlerable and miprecisely quantified burden due to m orbidity and disability,- 

In addition to causing significant m orbidity and mortality, malaria significantly eontnb- 

utes to poverty through lost productivity and economic loss on antimalarial treatment. 

A frican countries spend USS12 billion annually on malaria, w ith individual African 

fam ilies spending up to 25% o f their income on malaria prevention and control. Malaria 

has slowed economic growth in African countries by 1.3% per year As a result o f  the 

compounded effect over 35 years, the gross domestic product for A frican countries is 

now up to 32% lower than it would have been in absence o f  malaria.-’

Reduction in malaria-associated m orb id ity  and m orta lity  largely depends on 

provision o f prompt, effective, safe and affordable antimalarial drugs. Resistance 

to antimalarial drugs poses a significant challenge to malaria control programs in 

sub-Saharan Africa. M ulti-drug resistance to sulfadoxine-pyrimethamine (SP) and 

chloroquine was described extensively in sub-Saharan A frica. The World Health
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Organization (W HO) recommends use o f  artemisinin-based 
combination treatm ents (ACT) as first-line therapy. The 

ACTs combine fast-acting artemisinins with another struc­

turally unrelated and more slowly elim inated compound 

which permits elimination o f  residual malarial parasites.'*'® 

O f the 81 countries with endemic P. falciparum, 77 have now 

adopted the WHO recommendation.^ Commonly used ACTs 

are artemether-lumefantrine (AL), am odiaquine-artesunate 

(A Q A S), m e f lo q u in c -a r te su n a tc , d ih y d ro a r te m is in -  

piperaquine (DP) and nap thoqu ine-artem isin in . In this 

review we provide an update on efficacy, effectiveness and 

safety o f  AL for treatment o f uncomplicated malaria.

Pharmacology of a r te m e th e r-  
lumefantrine
A 6-dose regimen o f  artemether (20 mg) co-formulated with 

lumefantrine (120 mg) is recommended; with first and second 

doses taken 8 hours apart, the third dose taken 24 hours after 
the first and the remaining doses 12 hours apart. The (>dose 

regimen is superior to the 4-dose regimen.* '* Artemesinin from 

which artemether is derived is obtained from the Chinese herb 

sweet wormwood (Artcmisua annua). Artemisinins have the 

inost potent and rapid onset o f antiparasitie activity against 

all Plasmodium  species that infect humans.

Artemether acts rapidly with half-life o f  1 to 3 hours, 

whereas lumefantrine has a half-life o f  3 to 6 days and is 

responsible for preventing recurrent parasitem ia.A rtem ether 

and lumefantrine have different inodes o f  action and act at 

different points in the parasite life cycle." ' '  Artemether inter­

feres with parasite transport proteins, disrupts parasite mito­

chondrial function, inhibits angiogenesis and modulates host 

immune function.'-’ Lumefantrine is an aryl-amino alcohol''* 

that prevents detoxification o f heme, such that toxic heme 

and free radicals induce parasite death.'- Oral formulations of 

AL are available as tablet and dispersible formulations which 

have similarpharmacokinetic(PK) properties.'■^■''’Artemether 

and lumefantrine differ in rates o f  absorption and elimina­

tion. Artemether is rapidly absorbed reaching peak plasma 

concentrations within 2 hours post dose." ' ’ It is metabolized 

rapidly by cytochrome P450 (CYP) 2B6, CYP3A4 and pos­

sibly CYP2A610 to dihydroartemisinin (DMA) which in turn 

is converted to inactive metabolites primarily by glucoroni- 

dation via UGTl A 1, 1A8/9 and 2B 7.'“ The metabolite DHA 

reaches peak plasma concentration within 2 to 3 hours post 

dosing. "B o th  artemether and DHA offer potent antimalarial 

properties causing significant reduction in asexual parasite 

mass o f approximately 10,000-fold per reproductive cycle, 

with prompt resolution o f  symptoms."*''*

L um efantrine is absorbed and cleared more slowly, 

acting to eliminate residual parasites that may remain after 

artemether and DHA have been cleared from the body and 

thus prevent recru d escen ce ."  ' ’ L um efantrine is highly 

lipophilic, thus absorption is enhanced with a fatty meal; its 

absorption occurs 2 hours after intake reaching peak plasma 

concentration after 3 to 4 hours“  with an elimination half 

life o f 4 to 10 days.“ -̂'

Food enhances absorption o f both artemether and lumcfan- 

trine although this effect is more apparent for lumefantrine."-^" 

Administration of AL with high-fat meal increa.scd bioavail­

ability o f both artemether and lumefantrine by 2-fold and 

16-fold respectively." Premji et al in an evaluation of the 

ty'pical fat content o f African diets noted that total fat intake 

is 15 to 30 g/day during breast feeding, >  10 g/day in the post 

weaning phase and 30 to 60 g/day in a nomiai diet and this is 

adequate for optimal efficacy o f lumefantrine.^’

However, the effect o f  food on AL absorption is o f con­

cern because patients with m alaria usually have anorexia, 
vomiting and low food intake. Lumefantrine is metabolized 

by N -debuty iation  m ainly by C Y P3A 410 to desbutyl- 

lumefantrine with 5- to 8-fold higher antiparastic effect than 

lumefantrine. The key PK determ inant o f cure is the area 
under the concentration tim e curve (AUC) o f  the longer- 

acting lumefantrine.

Efficacy and effectiveness of AL
Efficacy of the 6 dose regimen o f  AL judged by elimina­

tion o f  m alaria parasites using the 28-day polym erase 
chain reaction (PCR)-corrected cure rates and resolution 

o f  symptoms, has been demonstrated in semi-immune and 

non-immune populations in Asia and Africa to be consis­

tently greater than 95%, with rapid parasite and symptom 

clearance and significant gam etocidal e f f e c t . M a n y  

studies in Africa and Asia have demonstrated AL to be as 

efficacious as other ACTs when used in pediatric and adult 

populations with differing immunity. PCR-corrected day 

28 and day 42 cure rates range between 91% and 100% using 

evaluable patient analysis.*'*”** Correction by PCR enables 

differentiation between recurrence and recrudescence o f the 

initial infection from re-infection. A few cases o f  treatment 

failure were recorded after AL treatm ent, but these were 

mostly r e - i n f e c t i o n s . T h i s  is o f  particular concern in 

areas with very intense m alaria transmission where antima­

larial drugs with longer half-life may offer the advantage 
o f  preventing re-infection. Lumefantrine with an estimated 

elimination half-life o f  4 to 10 days offers post-treatment 

antimalarial prophylaxis o f  up to 4 weeks. Studies showed

D ove
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b o th  AL and DP to  be h ighly  efficacious for treatm ent o f  

un co m plica ted  m alaria , a lthough  D P was superio r to AL 

a t preventing new  m alaria  in fections.” -̂ '''̂ *-’'’ In addition to 

exce llen t efficacy and effectiveness, A L  has dem onstrated  

sign ifican t gam etocidal e f f e c t s . A  m eta-analysis o f  

32 random ized  tria ls show ed A L to be  one o f  the m ost e ffec­

tive  ACTs w ith 28-day parasitological cure rates o f  97.4% .'’’ 

Effectiveness o f  AL m ay be influenced by poor adherence 

to the  3-day, 6 -dose  reg im en  and the  food requ irem ents for 

A L absorption . C lin ical and parasito log ical responses to AL 

w ere sim ilar w ith  bo th  superv ised  and unsuperv ised  trea t­

m ent in Uganda.**^ T he superv ised  treatm ent arm  received A L 

w ith fatty  food w hile  the  un su p erv ised  arm  received AL as 

ou tpatien t treatm ent w ith nu tritional advice. U nsupervised  

treatm ent resu lted  in low er co n cen tra tions o f  lum efan trine  

w ith  increased risk  o f  early re in fection .'’-'’̂  In U ganda and 

N igeria adherence to correct A L  dose and duration prescribed 

to  febrile  ch ild ren  by co m m unity  m edicine  d istribu tors was 

greater than 80%  and crude parasitological failure rates varied 

from  3.7%  in U ganda to 41 .8%  in N ig eria  and PC R -adjusted  

parasito logical cure  rate w as 90 .9%  in N igeria  and 97.2%  in 

Uganda.*" D ifferences in crude rates m ay be due to diflercnces 

in re-infection rates. A recent study o f  uncom plicated  m alaria 

in U ganda show ed adherence  to A L  was 94 .5%  com pared 

to that quinine o f  85 .4%  w ith h igh  unad justed  cure  rates o f  

AL o f  96%  vs 64%  for qu in ine .'’-'

In m u ltid ru g -res is tan t a rea s, day 7 lum efan trine  c o n ­

cen tra tio n  w as a u se fu l su rro g a te  m ark e r fo r AU C and  

concentra tions o f  less than 280 ng /m L  p red ic ted  treatm ent 

fa ilu re .'’-̂ " However, results from  areas with lum efantrine- 

sensitive parasites show ed no trea tm en t fa ilures despite  day 

7 concentrations less than  280 ng /m L  in 45%  o f  all patients, 

and re-infections occurred  am o n g  patien ts w ith  day 7 co n ­

centrations below  400 ng /m L  and those who received a lower 

dose o f  lum efan trine  pe r k ilogram  bo d y  weight.^'

Safety of AL
Safety and tolerability  o f  A L has been assessed  in clinical 

trials in A sia and A frica. M ost adverse  events are m ild or 

m odera te , m ostly  a ffec tin g  g a s tro in te s tin a l and nervous 

system s; how'ever, m ost are typical o f  the syniptom atology 

o f  m alaria o r concom itan t i n f e c t i o n s . S e r i o u s  adverse 

events were unlikely and w'ere unrelated o r m ost unlikely to be 

related to study m e d i c a t i o n . ' ' - ' - ’-'■'■'’' ' Two 

m eta-analysis concluded  that A L  is well tolerated, with m ild 

o r m oderate adverse events m ostly  affecting gastrointestinal 

and nervous system s. O to tox ic ity  associated  w ith AL has 

been reported recently  in a few cases;'’*̂'’̂  however, this was

not confirm ed in a study  that investigated hearing  sensation 

follow ing AL trea tm en t.’ ' Lum efantrine possesses a sim ilar 

chem ical structure to halo fan trine  w hich is known to cause 

cardiac arrhythm ia; however, safety  studies have not shown 

lum efantrine to  be cardiotoxic o r to prolong QTc interval 

O ther studies and a review  o f  15 trials concluded that AL did 

not cause hem atological adverse events, although pre-clinical 

trials suggested the repeated  exposure to AL may affect blood 

cell counts.^'

Safety assessm ent has been  conducted  during treatm ent 

o f  single ep isodes o f  m alaria . Safety  concerns becom e m ore 

im portant w hen AL is adm in istered  over the counter, which 

com m only  resu lts  in o v erd iagnosis and overtreatm en t o f  

m alaria, and w'hen patien ts get recurren t infections requiring 

repeated  treatm ent. O verd iagnosis o f  m alaria  is com m on in 

m alaria-endem ic a reas.’- T here are no standard guidelines 

for evaluating  drug safety  and to lerab ility  in antim alarial 

trials.'’̂ ' E stablish ing  system s for pharm acovigilance in areas 

w'here AL is frequently  p rescribed  is o f  utm ost im portance 

and several challenges ex ist.’-’

AL use in children
Vom iting, w hich m ay be due to d isease-re la ted  nausea or 

taste  o f  the m cdication , m ay influence drug  intake especially 

in children. A m ore pa la tab le  d ispersib le  form ulation o f  AL 

is now available and has been show n to be as efficacious as 

the currently  used  cru sh ed  tablet in infants and children , and 

with sim ilar safety  and PK p ro file ."  Pediatric dosing o f  AL is 

deduced from adult-based regim ens adjusted for body weight, 

w ith  little  co n sid era tio n  for m aturational effects on drug 

absorp tion  and m etabolism . A lthough diet and nutritional 

sta tus are im portan t d e te rm in an ts  o f  PK processes, drug 

responses and toxicity, there  are few relevant data for AL in 

this patient group. In resource-constrained  areas, children 

m ay not be w eighed at each  clinic visit and dosing in such 

settings is usually based on  age as a proxy m easure for weight. 

B esides research  on therapeu tic  dose levels based on body 

weight, there is urgent need  for ev idence-based translation o f  

weight based  dosing  reg im ens to regim ens that can be based 

on age, as the m ajority  o f  fevers in m alaria  endem ic areas 

are treated w'ith over-the-counter antim alarial drugs w ithout 

involvem ent o f  the fo rm al health  sector. A ge-based dose 

reg im ens are m ore practical than  w eight-based regim ens, 

but will inevitably resu lt in a g reater proportion  o f  children 

receiving either too m uch or too little drug. This is a particular 

concern  w ith lum efan trine, w'hich has a narrow  therapeutic  

m argin betw een effective and toxic concentrafions. T his dos­

ing consideration  is especially  im portant in m alnourished

T h e ra p e u tic s  an d  C lin ical R isk M a n a g e m e n t 2 0 1 0 :6 v.Mir n w n i . w r i p l

D ove
13



B/akika-Kibwika e t al D o v e

pre-scliool children  and during onset o f  puberty  when 

physiological variations in bodyweight by age are greatest. 

Earlier experience with SP and DP suggests that lack o f  clear 

guidance on age-based dosing as part o f the regulatory pro­

cess contributes to considerable variation in recominended 

age-based dose regimens,^'* ’- potentially resulting in poor, but 

widely used regimens, particularly for young rapidly growing 

children who bear the brunt o f  the malaria burden. Different 

age-based regimens are already being used in countries that 

have recently switched to ACTs. These concerns apply also 

to young infants < 6  months old or o f  < 5  kg body weight. 

Most ACTs are contra-indicated in this group because o f lack 
o f safety data, even though these children are at consider­

able risk, in western Kenya 50% o f infants not protected by 

insccticide-treated mosquito nets had their first infection by

3 months.^'’ In southern M ozam bique, an estimated 9% of 

out-patient visits for uncomplicated malaria in children less 

than 5 years o f age are children aged < 6  months. Infants 

in endemic areas have the highest burden o f severe malarial 

anemia, blood transfusions and death.’’ ’* Thus, programmati­
cally implemented ACTs will end up being widely used in 

children < 6  months even though the label does not provide 

guidance for this age group.

Malaria and AL use in pregnancy
Pregnant women with malaria, symptomatic and asymptom­

atic alike, should be treated without delay with effective and 

safe antimalarial drugs in order to reduce risks for adverse 

outcomes for both mother and fetus.™ AL is a vei7  attractive 

alternative because it is highly effective, acts rapidly and is 

well tolerated. However, there is insufficient information on 

safety and efficacy o f ACTs in pregnancy, including exposure 

in the first trim ester™ '’ Early data indicated that artemisinins 

w'ere embryotoxic and potentially teratogenic in several animal 

species without maternal toxic effects or impaired fertility, and 

more recent studies have confirmed these findings.™

Artemisinin derivatives have show'n embryo-toxic effects 

in animal reproductive toxicology studies.*' The mechanism 

o f embryo-toxicity is thought to occur through depiction 

o f embryonic erythroblasts causing severe anemia and cell 

damage and death due to hypoxia.*' The most sensitive time 

window for embryo-toxicity in humans is between weeks

4 to 10. From these data ACTs are not indicated for malaria 

treatment in the first trimester o f pregnancy unless no alter­

natives exist. There is increasing experience with artemisinin 

derivatives in second and third trimesters with no evidence o f 

adverse outcomes in more than 1000 prospectively followed 

pregnancies.*’ "  WHO Malaria Treatment Guidelines o f 2006

recommend use of ACT s in pregnant women in the second and 

third trimester o f gestation. None o f the studies on AL use in 

pregnancy have reported increased risk o f serious maternal 

adverse events, adverse birth outcomes or neuro-developmental 

deficits. However all these stLidies were underpowered to detect 

rare adverse outcomes.*^ Data from Sudan from a cohort of 
women who reported use o f  artemisinins in first trimester 

and w'cre followed up until delivery and their babies followed 

up till 1 year o f age showed that most delivered apparently 

healthy babies at full term with no congenital malformations 

and no maternal deaths, and none o f  the babies died during 

their first year o f life.*-A prospective observational study was 

conducted recently in Zambia which evaluated safety of AL 

and SP in pregnant women who received AL and SP to treat 

symptomatic malaria. Data from 1001 pregnant

women and fetuscs/newborns indicated that the incidence 

o f perinatal death, spontaneous abortion, neonatal mortality, 

premature delivery, stillbirth and low birth weight is similar 

after pregnancy exposure to AL compared to SP**’
Pregnancy has been as.sociatcd with reduced plasma con­

centrations of A l. which have a significant impact on treat­

ment outcome since plasma concentrations o f lumefantrine, 

after elimination o f  artemether, are an important determinant 

o f cure.*’ ** A study that evaluated PK o f AL in pregnant 
women with recrudesccnt uncomplicated multidrug resis­

tant malaria demonstrated that pregnant women

in second and third trim ester had lower concentrations o f 

artemether, dihydroartemisinin and lumefantrine, and elimina­

tion o f lumefantrine w'as more rapid than reported previously 

in non-pregnant adults.*’ *'' A nother study that compared 

artesunate monotherapy to AL for treatment o f  uncomplicated 

falciparum  malaria in second and third trimesters demon­

strated that the standard 6-dose AL regimen was well tolerated 

and safe but efficacy was inferior to that o f 7-day artesunate 

monotherapy and was unsatisfactory for general deployment 

in this geographic area. PK parameters measured in this study 

showed low drug concentrations in later prcgnancy which 

could possibly explain the poor treatment outcomes.*’ There 

is need for further studies to determine the optimum dose 

regimen and efficacy o f AL in prcgnancy.

AL use in HIV-infected populations
Human immunodeficiency virus (HIV)-infected individu­

als are at high risk for acquiring malaria parasitemia, with 

the risk increasing as immunity declines.''""'^'’ Evidence for 

this interaction is more consistent in pregnant women o f all 

gravidities.’’' H I V - 1 infected pregnant women have a higher 

prevalence of peripheral parasitemia and placental malaria'’’-'̂ '’
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and their infants experience higher postnatal mortality when 
both diseases are p re se n t.T h e re fo re , offering adequate 
and efficacious antimalarial treatment and prevention is 
extremely important for this high risk group. Little is known 
about efficacy and safety o f antimalarial drugs in HIV-infected 
individuals and much less on interaction between antimalarial 

and antiretroviral (ARV) drugs, and reliable data are urgently 
needed. Few studies have examined the effect o f HIV infec­

tion on response to antimalarial treatment and these have 
yielded conllicting results.'*'' Most studies have shown 

that HIV-infected individuals have higher risk o f experienc­
ing antimalarial treatment failure due to re-infections.'"' "’’ 
Rirku et al demonstrated decreased clearance o f parasites by 
artemisinin treatment in HIV-infected patients with malaria."”  

In Zambia, HIV-infected adult patients with CD4 counts o f 
300/|.iL and below had higher risk o f getting recrudescent 
malaria than HIV-infected patients with higher CD4 counts 
and HIV-uninfected p a tie n ts .R e ce n t studies, however, 
suggest that the threshold for an increased risk o f malaria 
treatment failure (new infections or recrudescence) probably 
lies at 400 CD4 c e l ls / 'i . iL .F o llo w in g  the latest WHO 

guidelines for sub-Saharan Africa this malaria vulnerable 
population should be protected by cotrimoxazole prophylaxis 
or highly active ARV therapy (H AART). There are concerns 
about safety o f AL treatment in HIV-infected patients con­
comitantly receiving HAART. The standard first-line HAART 

regimens in many sub-Saharan countries where malaria is 
endemic are made up o f a non-nucleoside reverse transcrip­
tase inhibitor (NNRTI) backbone with 2 nucleoside reverse 
transcriptase inhibitors (NRTl). The sccond-line HAART 
regimen is made up o f a protease inhibitor (PI) backbone 
and 2 NRTIs. Knowledge o f the metabolism o f ARVs and 
AL suggests that there is potential for PK drug-drug interac­
tions.'"’ For example, Pis like lopinavir/ritonavir (LPV/r) 
are among the most potent inhibitors o f cytochrome P450 

(typically CYP 3A4) metabolism, while NNRTIs (efavirenz 
and nevirapine) are also substrates o f cytochrome P450 

and usually these two induce but occasionally efavirenz 
inhibits some P450 isoforms. Although poorly studied the 

risk o f clinically significant interactions involving AL and 

ARVs is considerable'”*' and may result in high concentra­
tions with excessive toxic ity or reduced concentrations 

with reduced efficacy and risk for development o f resis­
tance to AL. The potential for interactions between ARVs 
and antimalarials have been shown in a study o f healthy 

volunteers where AQAS was co-administercd with the 
NNRTI efavirenz. In the first 2 study participants, the 
AUC for AQAS increased by 100% to 300% and alanine and

aspartate transferase levels increased markedly above the 
upper lim it o f normal, suggesting hepatoxicity. This led to 
recommendations that AQAS should be avoided in patients 
receiving EFV. In a recent study o f uncomplicated malaria in 
Uganda, treatment o f HIV-infected children with AQAS was 

associated with markedly higher risk o f neutropenia com­
pared with treatment o f HIV-uninfected children. The risk 

o f neutropenia was higher in participants with concurrent 

ARV use, especially zidovudine, and in those with a history 
o f repeated doses o f AQAS.'"‘’ These clinical observations 
demonstrate the need for thorough examination o f the nature 
o f interaction between ARVs and ACTs. An interaction is 

expected between lumefantrine and both EFV and Pis that 

could potentially lead to increased levels o f lumefantrine 
(Figure 1); no data are available. The potential interactions 
with NVP are less clear but co-administration could reduce 
lumefantrine levels. A study that investigated the PK.S o f AL 
when administered with LPV/r in HIV-uninfected healthy 
volunteers demonstrated that the PK o f lumefantrine is 
influenced by l.PV/r, resulting in 2- to 3-fold increases 
in lumefantrine AUC, and trends towards decreases in 
artemether maximum concentration (C ) and AUC were

max-'

noted during co-administration. Decreases in DHA AUC 
were observed during co-administration without changes in 

DHA: artemether AUC ratios. The authors concluded that 
co-administration o f AL and LPV/r can be carried out for 

patients co-infected with malaria and H lV .""This study did 
not address safety concerns with co-administration, which 
need to be considered in future studies among individuals 
living in malaria-endemic regions.

A L use in patients with co-morbidity
Treatment o f tuberculosis is often a minimum o f 6 months 
including 2 months o f intense rifampicin-based treatment. 
Patients may concomitantly develop malaria requiring 

treatment with AL. There are currently no published data 
on interactions o f rifam picin and AL. Rifampicin is a 
potent inducer o f hepatic cytochrome and may influence 

the PKs o f AL since both drugs are metabolized by CYP 
450."' Theoretically co-administration o f rifampicin with 
AL may result in decreased concentrations o f AL resulting 
in decreased efficacy (Figure 1). Data on these PK drug 
interactions are very scarce, thus the need for more studies. 

One study evaluated effects o f concomitant administration 
o f AL with a potent CYP 3A4 inhibitor. Artemether, DHA, 

and lumefantrine PKs were altered by ketoconazole. AUC 
and C increased for all 3 compounds and terminal half-life

nia.x ‘

increased for artemether and DHA. None o f the changes in
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artem ether-lum efantrine

CYP 450 

inducers 

(rifampicin, 

efavirenz and 

nevirapine)

GYP 450 inhibitors
(lopinavir-ritonavir)

Increased artem ether +

Iumefantrine

Decreased 

dihydroartem isin in  + 

desbuty l-lum efan trine

Decreased artem ether + ium efantrine 

dihydroartem isinin

Increased dihydroartem isin in + desbuty l- 

lumefantrine

Figure  i Summary o f potentia l pharm acokinetic in teractions between a rtem ether-lum e fan trine  and com m only prescribed inducers and inh ib ito rs  o f CYP 4S0.

PK parameters were greater than the changes observed in 
healthy volunteers taking AL with a high-fat meal. There was 
no increase in observed side effects or electrocardiographic 
changes. The authors concluded that dosage adjustments o f 
AL do not appear to be necessary w'ith concomitant keto- 
conazolc administration."’

A L resistance
Antimalarial drug resistance has been defined as “ the abil­
ity o f a parasite strain to survive and/or multiply despite the 

administration and absorption o f a drug given in doses equal 
to or higher than those usually recommended, but within the 
limits o f tolerance o f the subject.”  This definition was later 
modified to specify that the drug in question mu.st gain access 

to the parasite or the infected red blood cell for the duration 
o f the time necessary for its normal action.” "^ Antimalarial 

drug resistance is heightened in individuals with lower immu­
nity, such as children less than 5 years, pregnant women, 

non-immune immigrants to malarious areas, malnourished 
individuals and HIV-infected patients."^ Reduced immunity 
allows the survival o f a residuum o f parasites that are able 
to survive treatment, and as such reduced immunity may

further increase the development, intensification and spread 

o f resistant strains.
Resistance to artemisinins has not been confirmed 

although reduced sensitivity has been reported in China 
and Vietnam."'*'"^ Treatment failures occurring after AL 
treatment are thought to be due to poor absorption with 

reduced concentrations."'’ " ’ A L  selects for the P. falcipannn 
multidrug resistance gene (P fM D R l) N86, the chloroquine- 
susceptible allele which has been proposed as a marker for 

Iumefantrine resistance."* In Tanzania, treatment with AL 
was associated with selection o f newly infecting parasites 

containing thepfmclrl 86N allele,"* which has been associ­
ated with decreased in vitro sensitivity to artemisinins and 

Iumefantrine."''
Factors that lead to development, intensification and 

distribution o f antimalarial drug resistance can broadly be 
classified as: factors leading to treatment failure (incor­

rect dosing regimen, non-compliance, substandard drugs 
and misdiagnosis), human behavior, parasite and vector 
biology, and drug PK.s. " ’ in sub-Saharan Africa antimalarial 
drugs arc readily available outside public health services, in 
pharmacies, drug shops and private practitioners’ clinics.
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Quality o f  antiinalarials is a serious concern and counterfeits 

m ay be found in som e o f  these units. In Southeast Asia half 

o f  the sam ples o f  artemisnins obtained from m ost countries 

w ere c o u n t e r f e i t . I n  sub-Saharan Africa substandard 

antimalarials were found in 7 countries.'’' '”

Conclusion
There is increasing ev id en ce o f  very high efficacy  and 

effectiveness o f  AL for treatment o f  uncom plicated malaria. 

Continued health education on correct use o f  AL and sur­

veillance o f  effectiveness is necessary to prevent and detect 

em ergence o f  drug resistance. There is need to develop  

strong system s for pharm acovigilance to increase the ev i­

dence base on safety o f  AL especia lly  in pregnant mothers 

and infants w eighing less then 5 kg. PK studies especially  

on drug interactions with ARV drugs are urgently needed.
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Background: We aim ed to  com pare  th e  s teady -sta te  pharm acol<inetic p a ram ete rs  and tolerability of 
T riom une 40*’̂  (s tavud ine  40 mg, lam ivudine 150 mg and  nevirapine 200 mg) and  b randed  form ulations 
of th e s e  d ru g s  in HIV-infected U gandans.

Methods: T his inc ludes a random ized, open-label, c ro ss-over study  of HIV-infected p a tien ts  stab le  on 
therapy  for 1 m onth . P atien ts w ere random ized to generic  o r b randed  form ulation . P lasm a pharm aco­
k inetics w ere a s s e s s e d  after 1 m onth . The following day, a lte rnate  form ulation  w as adm inistered , and 
1 m onth later, d rug  p harm acok inetics w ere re -a sse ssed . P lasm a p h a rm acok ine tics  w ere determ ined 
using  HPLC-UV de tec tion . Sim ilarity betw een steady -sta te  pharm acokinetic  p a ram eters  w as a s s e s se d  
using  the US Food and  Drug A dm inistration s tan d a rd s  for b ioequivalency  te s ting . Tolerability w as 
a s s e s s e d  using  q u estionna ires .
Results: S ixteen (10 fem ales) p a tien ts  com pleted  th e  study. Median (IQR) ag e , w eight and  CD4 count 
w ere 37 (33 .7 -40) years , 65 (63 .4-66) kg and  292 (220.7-344.5) cells/m m ^, respectively . All pa tien ts 
received co-trim oxazoie. The geom etric  m ean ratio (90% Cl) for s tavud ine , lam ivudine and  nevirapine 
w as 0.92 (0.78-1.08), 1.11 (0.95-1.30) and 0.84 (0.64-1.11), respectively, for C„,ax, and  0.83 (0.70-0.97),
1.06 (0.94-1.20) and  0.88 (0.71-1.10), respectively, for AUC. Stavudine p lasm a concen tra tions were 
significantly lower for the  generic form ulation. Pharm acokinetic param eter inter-individual variability 
ranged from 29% to  99%. There were no d ifferences in tolerability for th e  two form ulations.

Conclusions: Pharm acokinetic profiles of generic and branded  d ru g s w ere sim ilar. D ifferences particu­
larly with regard to  stavudine w ere dem onstrated . Surveillance of th e  quality of generic  antiretroviral 
d ru g s in the ta rge t popu la tions is needed . C apacity building for pharm acokinetic  research  in resource- 
limited se ttin g s is a  priority.
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Introduction constituting ~ 5 0 %  of those who need it.^ The major constraint
for a widespread use o f  ART in Uganda, as in many other

An estimated 1 million HIV -infected adults and children live African countries, has been the high cost o f medication. Potent
m Uganda with an average HIV prevalence o f 6 .2% .' There ART became widely available due to initiatives including the
are 105 000 people with HIV on antiretroviral therapy (ART), M ulticountry AIDS Program me, the President’s Emergency Plan
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for AIDS Relief (PEPFAR), the Global Fund to Fight AIDS, 
Tuberculosis and M alaria, the W orld Health Organization’s 3 by 
5 Initiative, the Elizabeth Glaser Pediatric AIDS Foundation and 
Medecins sans Frontieres, among others.^ M any of these pro­
grammes rely on the less expensive generic ART formulations 
to attain the treatment goals.^

First-line ART in Uganda consists o f zidovudine or stavudine 
plus lamivudine with either nevirapine or efavirenz. However, the 
majority of the Ugandan HIV-infected patients are treated with the 
three-drugs-in-one fixed dose combination (FDC) of generically 
manufactured stavudine, lamivudine and nevirapine.'* Importantly, 
despite the introduction o f generic FDC tablets into HIV clinical 
practice, data on the quality of generic drugs in HTV-infected 
adults in Uganda are lacking. Debate is ongoing as to whether 
generic antiretroviral (ARV) drug formulations are truly the equi­
valent of brand formulations and whether they should be approved 
by a regulatory agency before administration to patients in develop­
ing countries. In this context, five ARV agents have been removed 
from clinical use by the WHO because bioequivalence to the trade 
formulations was not established.^ Following new bioequivalence 
studies, two of these agents have been reinstated.

Although the amount o f drug in the generic tablet may be 
sim ilar to brand formulations, simple chem ical studies con­
ducted in vitro do not guarantee optim al drug dissolution and 
absorption in humans. Docum entation o f bioequivalence in the 
target population is therefore important. Bioequivalence is a 
term in pharmacokinetics used to assess the expected in vivo 
biological equivalence of two different preparations of a drug. The 
US Food and Drug Administration has defined bioequivalence as 
‘the absence of a significant difference in the rate and extent to 
which the active ingredient or active m oiety in pharmaceutical 
equivalents or pharmaceutical alternatives becom es available at 
the site of drug action when adm inistered at the same molar 
do.se under sim ilar conditions in an appropriately designed 
study’.* However, bioequivalence is used to compare two form u­
lations o f a single dose o f drug given to healthy volunteers. 
Intensive pharmacokinetic studies can be perform ed faster than 
expensive randomized clinical trials, which may delay ARV use 
where required. We perform ed a random ized, open-label, cross­
over intensive pharmacokinetic study to com pare the steady-state 
pharmacokinetic parameters o f stavudine, lam ivudine and nevir­
apine in Triomune 40® with the branded products using the US 
Food and Drug Adm inistration .standards for bioequivalency 
te.sting. In addition, the safety and tolerability of the formulations 
were assessed.

M ethods

Study site

The study was conducted between January and September 2007 at 
the Infectious Diseases Institute (IDI) at Mulago Hospital in 
Kampala, Uganda. The IDI is a regional centre of excellence for 
HIV/AIDS treatment, prevention, training and research. To date, over 
12 000 HrV-infected patients are registered at the IDI with over 4000 
already taking ART. Over 70% of these are on Triomune therapy.’

Study design a n d  population

This was a randomized, open-label, cross-over intensive pharmaco­
kinetic study of generic and trade formulations of stavudine.

lamivudine and nevirapine in patients with HIV-1 infection stable 
on ART for at least 1 month prior to pharmacokinetic sampling.

Patients were eligible to participate if they were older than 18 
years of age and able to provide written informed consent. Patients 
weighing < 6 0  kg, showing abnormal clinical test results and treated 
with known inhibitors or inducers of cytochrome P450 metabolism or 
herbal medications, were excluded.

E thical considera tions

The study was approved by the IDI Scientific Review Committee, 
and the National HIV/AIDS Research Committee (ARC 047) and 
was registered with Uganda National Council of Science and 
Technology and ClinicalTrials.gov (NCT 00455585). All partici­
pants gave written informed consent to participate, and all study 
procedures were conducted according to Good Clinical Practice.

Study procedures

Patients were electronically randomized to either Triomune 40; 
batch no. G57662 (Cipla, Goa, India) or the patented version of the 
drugs: Zerit®; batch no. 0059 (Bristol Myers Squibb, Princeton, NJ, 
USA), Epivir®; batch no. R270222 (GlaxoSmithKline, Research 
Triangle Park, NC, USA) and Viramune®; batch no. 506396A 
(Boehringer Ingelheim, Columbus, OH, USA). A regimen of stavu­
dine 40 mg, lamivudine 150 mg and nevirapine 200 mg was taken 
twice daily. Participants took one tablet twice daily while on the 
generic formulation (Triomune 40) and one Zerit® capsule, one 
Epivir® tablet and one Viramune® tablet, twice daily while on the 
branded formulation. Participants had detailed study explanation at 
enrolment. On each study day, adherence to study drugs was 
assessed using self report and pill count by the study pharmacist. In 
addition, we collected information on adverse drug effects and 
serious adverse drug effects, and a questionnaire on quality of life 
was administered on each study day. All participants took their drugs 
for a month prior to pharmacokinetic sampling. On the evening prior 
to pharmacokinetic sampling, participants were reminded of their 
study day appointment and given detailed instructions to take their 
medication and food by 8.00 pm and arrive at the hospital by 7.00 am 
in the fasting state.

On study day 1. patients were admitted in the fasting state, an 
indwelling intravenous catheter was inserted following aseptic tech­
niques and blood samples were drawn for the determination of 
pre-dose concentrations. The intake o f a standardized breakfast and 
morning doses of drugs was directly observed by study staff 
Pharmacokinetic sampling was performed at 2, 4, 6, 8, 10 and 12 h 
post-dosing. Blood (4 mL) was collected into ethylene diamine 
tetra-acetic acid lubes each time. Before discharge from the unit, 
patients were switched to brand formulations from generic and vice 
versa and were given the drugs to take at home. After I month, 
study subjects were readmitted, and plasma pharmacokinetic sampling 
was repeated. All patients resumed their pre-study treatment at the 
end of the second pharmacokinetic day. Blood samples were centri­
fuged immediately after collection; plasma was removed and stored at 
-2 0 °C  until shipment.

A naly tica l and  p h a rm a co k in e tic  m ethods

Dmg concentration measurement was performed by standard HPLC 
with UV detection at the Department o f Infectious Diseases, HIV 
Pharmacology Laboratory, University o f Turin, Italy. The lower limit 
of quantification was 25, 25 and 50 ng/mL for stavudine, lamivudine

Page 2 of 5



Triomune 40 steady-state pharmacokinetics in Ugandans
JAC
antiviral

and nevirapine and the limit o f detection was 5, 5 and lOng/mL, 
respectively.

The calculated pharmacokinetic parameters for stavudine, lamivu­
dine and nevirapine were the trough plasma concentration (C,„ugh) 
defined as the 12 h concentration after the observed dose, the 
maximum observed plasma concentration (C„,ax) and the area under 
the plasma concentration-time curve (AUC) from 0 to 12 h and the 
half-life. All pharmacokinetic parameters were calculated usmg actual 
bkxxl sampling times and non-compartmental modelling techniques 
(WinNonlin Professional™ software, version 4.1; Pharsight Corp., 
Mountain View, CA, USA).

Sta tistica l analysis

A sample size of 12 was calculated to have 80% power to detect a 
difference in means of nevirapine C^a., iintl AUC between branded 
and generic formulations based on the definition o f bioequivalence 
using paired J-test with a significance level of 0.05. We anticipated 
a drop-out rate of 30%; therefore, we planned to enrol 16 subjects 
for 12 to complete all pharmacokinetic assessments.

Descriptive statistics, including mean and standard deviation 
(SD), were calculated for stavudine, lamivudine and nevirapine 
pharmacokinetic parameters.

Within-subject changes in drug pharmacokinetic parameters were 
evaluated by calculating geometric mean ratios (GMRs) and 90% 
confidence intervals (CIs). The concentrations measured during the 
branded formulation administration were used as reference. The CIs 
were determined using logarithms of the individual geometric mean 
values; the calculated values were then expressed as linear values. 
Steady-state pharmacokinetic parameters were considered similar if the 
90% Cl for the Cn,„ and the AUC fell within the range of 0.8-1.25.^ 
Inter-individual variability in drug pharmacokinetic parameters was 
expressed as a coefficient of variation [(SD/mean) x 100],

Results

A total o f 27 HIV-infected subjects (16 fem ales) were .screened 
between January and M arch 2007; 18 were eligible and were 
enrolled, 1 was di.scontinued because she m issed study appoint­
ments and 1 was excluded from the pharm acokinetic analysis 
because he did not com plete pharm acokinetic sampling. A total 
of 16 (10 females) com pleted all pharm acokinetic pha.ses. The 
clinical and demographic characteri.stics o f the 16 subjects who 
completed the .study are illustrated in Table 1.

Both the branded and generic form ulations of stavudine, 
lamivudine and nevirapine were well tolerated and no differences 
were reported. There were no adverse drug reactions, abnormal

Table 1. Baseline clinical and demographic characteristics o f the 
study patients according to the randomization arm

Brand —> generic 
(Arm 1)

Generic —* brand 
(Arm 2)

Age (years) 37.4 (33-40) 36.8 (34-40)
Weight (kg) 64.7 (63-67) 64.5 (63.5-66)
CD4 count (cells/mm^) 324.4 (255-343) 305.3 (220-349)
Females (%) 56 71

M e d ia n  ( IQ R ) u n le s s  o th e rw is e  s p e c if ie d .

laboratory findings or drop-outs due to toxicity during the study. 
None of the participants who completed the study reported any 
mis.sed dose during the study period. Patients preferred the FDC 
formulation (generic) because o f dosing convenience.

Mean [+  standard eiTor (SE)] concentration-tim e profile for 
the three drugs is shown in Figure 1. The mean (±SD ) stavudine, 
lamivudine and nevirapine steady-.state pharmacokinetic para­
meters measured during the administration o f branded and generic 
formulations are reported in Table 2. Mean (SD) nevirapine 
exposure (A U C o-12) while on branded and generic drugs was 
75 192.7 ng h/mL (29 294.9) and 64 338.3 ng h/mL (19 944.6), 
respectively. GMR of the test (generic) to reference (brand) of 
C,„ax and AUC values and 90% Cl are given for each dmg 
in Table 2. While no significant differences in lamivudine and 
nevirapine C„,ax and AUC were observed [GMR (90% Cl): 1.11 
(0 .95-1 .30) and 0.84 (0 .64-1 .11) for C , ^ ,  and 1.06 (0.94-1.20) 
and 0.88 (0 .71-1 .10) for AUC], stavudine plasma concentrations 
were significantly lower for the generic formulation for Cmax 0-92 
(0 .78-1 .08) and AUC 0.83 (0 .70-0.97).

Only the 90% Cl for lam ivudine AUC GMR at steady-state 
was within 0.80 and 1.25. All the other 90% CIs were outside 
the predefined limits.

S ta v u d in e  p la s m a  c o n c e n tr a t io n s  v e rs u s  lim e

2.S0 n S ta v u d in e  generic  

S ta v u d in e  branded200  -

50 -c
n

1 0 0  -

50 -

0 6 8 10 124
T im e (h )

L a m iv u d in e  p la s m a  c o n c e n tr a t io n s  v e rs u s  tim e
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F ig u r e  1. M e a n  ( ± S E )  p la s m a  c o n c e n tr a t io n  v e rsu s  tim e  o f  (a )  s ta v u d in e , 

(b )  la m iv u d in e  a n d  (c )  n e v ira p in e  o f  16 su b je c ts  d u r in g  th e  in tak e  o f  b ra n d e d  

a n d  g e n e ric  fo rm u la t io n s .
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Table 2. Pharmacokinetic parameters of branded and generic stavudine, lamivudine and nevirapine

Parameter Stavudine Lamivudine Nevirapine

Cmax (ng/mL)“
branded'’ 203.5 (±127.7) 855.2 (±276.6) 8594.3 (±3699.0)
CV (%) 62. S 32.3 43.0
generic'’ 210.3 (±208.4) 966.8 (±279.6) 7017.3 (±2757.8)
CV (%) 99.1 29.0 39.3
GMR (90% Cl) 0.92 (0.78-1.08) 1.11 (0.95-1.30) 0.84 (0.64-1.11)

A U C o-n (ng WmL)“
branded 685.6 (±219.6) 5522.7 (±2009.8) 75 192.7 (±29 294.9)
CV (%> 32.0 36.4 38.9
generic 579.8 (±231.2) 6039.0 (±2370.8) 64 338.3 (±19 944.6)
CV (%) 39.9 39.3 31.0
GMR (90% Cl) 0.83 (0.70-0.97) 1.06 (0.94-1.2) 0.88 (0.71-1.10)

G M R . geom etric  m ean ratio; C l, confidence in terval; m axim um  plasm a concen lralion ; A U C , area under the 
curve fo r c o n c en tra tio n - tim e ; CV , coefficien t o f  variation.
“M ean (+ S D ).
'’N um ber o f  sam ples: b randed  d rugs (stavudine, lam ivudine and nevirapine) = 1 1 0  each, gene ric  = 1 1 2 .

Stavudine, lamivudine and nevirapine pharm acokinetic para­
meter inter-individual variability ranged from 29% to 99% 
(Table 2).

Median nevirapine was 3615.0 ng/m L (range, 1236-
6138) while on the generic form ulation and 4479.5 ng/mL 
(range, 1070-8375) while on Viramunc®. Eleven o f the 16 
subjects for the generic and 10 of 16 for the branded had nevi­
rapine concentrations above the suggested minim um  effective 
concentration (MEC) of 3000 ng/mL.* Only one subject had 
C,rough below the MEC while on both form ulations.

Discussion

This study was designed to com pare the steady-state pharm aco­
kinetic parameters o f stavudine, lam ivudine and nevirapine in 
Triomune 40 and their branded products and to as.sess the safety 
and tolerability o f  the different form ulations in HIV-infected 
Ugandan adults. W ith the exception o f lam ivudine, steady-state 
pharmacokinetic param eters o f Triom une 40 did not fall within 
the limits of the US Food and Drug Administration standards 
for bioequivalency testing.® However, pharm acokinetic profiles 
were similar, and there was no difference in tolerability between 
the two regimens. Evidence for bioequivalence o f Triomune 
40 to branded products was based on a single-dose study in 
healthy volunteers.® Since adequate drug concentrations must be 
maintained for long-term suppression o f  HIV, it is arguable that 
steady-state pharmacokinetic studies are o f greater clinical 
significance than single-dose studies.

Although the mean nevirapine pharmacokinetics were similar 
for the two formulations, there was considerable inter- and intra­
subject variability. Steady-state C,f„„gh concentrations were above 
the alleged MEC o f 3000 ng/mL** for 11 o f 16 subjects for the 
generic and 10 o f 16 for the branded. Although it is not possible 
to relate plasma concentrations to adverse events,** it is o f interest 
to note that 3 o f 16 for the generic and 9 o f 16 for the branded 
had peak concentrations > 8 0 0 0  ng/mL. Nevirapine exposure in

our study was lower than that reported in a recent study from 
Malawi.'® The m etabolism of nevirapine is partly dependent 
on CYP2B6 activity, and there is evidence that the functional 
single nucleotide polymorphism (516G >  T) is associated with 
increased levels o f nevirapine. Penzak el a l ."  reported a 17% 
prevalence o f this mutation in a small Ugandan study. It is poss­
ible that a higher prevalence o f this and/or other polymorphisms 
in patients in the Malawi study could account for the different 
findings and support a theory of wide variability in the distri­
bution of polymorphisms within the African populations.

We found a statistically significant decrease in stavudine con­
centrations when subjects received Triom une 40. Stavudine and 
lam ivudine are pro-drugs that require intracellular phosphory­
lation to the active form. Intracellular concentrations rather than 
plasma concentrations correlate with virological suppression.'^ 
The 17% reductions in the plasm a concentrations (AUC) of sta­
vudine reported in this study may not be clinically significant in 
terms of achievem ent and m aintenance of virological response. 
Our findings contrast to those o f an 8 h pharmacokinetic study 
in Malawi reporting a 12% increase in stavudine concentrations 
while patients received Triom une 4 0 . '” The differences in stavu­
dine exposure in the two studies cannot be explained by a 
change in m anufacturing practices arising from the reports of 
the Malawi study because the Triom une 40 tablets used in our 
study were produced before those data were known. We did not 
conduct in vitro analysis o f the respective quantities o f stavu­
dine, lam ivudine and nevirapine levels in generic and branded 
drugs prior to administration as this was beyond the scope of the 
present study. However, regulatory authorities require and routi­
nely conduct such studies prior to drug registration in Uganda.

We conducted this study using Triom une 40 that contains 
40 mg o f stavudine in each tablet. Treatm ent guidelines for 
stavudine-containing regim ens have been updated in an attempt 
to m inimize toxicity possibly related to high plasma concen­
trations. Based on data revealing sim ilar viral suppression rates 
and fewer adverse events with lower doses o f stavudine, the 
World Health Organization recently adopted .stavudine 30 mg
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twice daily as the standard o f care irrespective o f body weight 
in adults.'’  Currently, the majority o f Ugandan HIV-infected 
patients are treated with stavudine 30 mg-containing regimens,'*’ 
Uganda and other resource-limited countries depend on cheaper 
generic agents, and these have been widely utilized in the 
rapid scaling-up o f ART. Overall, clinical outcome data with 
Triomune use in Africa are encouraging. Laurent et 
reported safety and efficacy data in a Cameroonian study in 
which 80% o f the participants had viral loads <400 copies at 
24 weeks o f therapy. Data from the cohort at our centre revealed 
high virological suppression rates o f up to 86% at 12 months of 
therapy with over two-thirds o f the patients on Triomune.^

In conclusion, our data show that although the steady-state 
pharmacokinetic parameters for Triomune 40 did not fall within 
the limits set by the US Food and Drug Administration for bio­
equivalency te.stiiig, the pharmacokinetic profiles o f generic and 
branded dmgs were similar. Differences particularly with regard 
to stavudine were demonstrated. While the crucial role generic 
products have played in the progress o f ART is recognized, the 
need for ongoing surveillance o f their quality in target populations 
must be emphasized. Steady-.state pharmacokinetic studies need 
to be considered as a component o f regulatory procedures for 
ARV drug approval in developing countries. Investment in human 
and material resources to develop pharmacokinetic units in 
resource-limited settings must be considered a priority.
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Interaction between Malaria and HIV
By By Dr Pauline Byaklka-Klbwlka (M.B.Ch.B, MSc. CEB, MMed)

Malaria and HIV infection contribute to significant morbidity 
and mortality. Worldwide, approximately 2 ,200  million people 
are exposed to malaria annually. Of these, about 300-500  m il­
lion develop clinical malaria, w ith over 90% occurring in sub- 
Saharan Africa. Malaria kills between 1.5 -  2.7 million people 
annually in sub-Saharan Africa^

Currently 40 million people worldwide are living with 
HIV/AIDS. 70% of these are in sub-Saharan Africa, where 
about 29 million people are infected (UNAIDS 2002).

Given the extensive overlap in the geographical distribution 
of the two diseases in sub-Saharan Africa, even a small inter­
action between the two could have profound public health con­
sequences.

This interaction is plausible when the immunological mecha­
nisms involved in both diseases are considered. Humoral and 
cell mediated immunity are critical to development o f an effec­
tive immune response to malaria. CD4 T lymphocytes modulate 
the production of antimalarial antibodies and production of 
cytokines, like tum our necrosis factor alpha (TNFa), which are 
directed against merozoltes and cellular immune-recruitment 
to control or modulate clinical infection. The antibodies pro­
duced block parasites from invading red blood cells (RBCs), 
block malaria toxins as well as adherence of red blood cells to 
endothelium. Activated CD4 and CDS cells coordinate the cell 
mediated immune response and facilitate antibody dependent 
cytotoxicity of infected RBCs, which results in death of intra-ery- 
throcytic parasites.

HIV, on the other hand, infects CD4 lymphocytes, causing 
depletion of the CD4+ T lymphocytes through mechanisms like 
cytolysis, syncytial formation, and apoptosis. The loss of CD4+ 
cells results in dim inished T helper 1 (T h l) and T helper 2
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(Th2) responses. Th2 depletion prevents B cell activation with 
resultant humoral immunodeficiency while T h l deficiency 
causes impaired cellular immune response due to diminished 
interferon gamma and TNFa production, which impairs the 
killing of intracellu lar pathogens. There are several ways that 
malaria and HIV could potentially interact, with effects on inci­
dence, prevalence, transm ission, clinical manifestations, treat­
ment outcomes, drug interactions and toxicity.

Effect of HIV on malaria incidence, parasitemia, clinical presen 
tatlon and treatment outcome

HIV and non-pregnant adults: Early in the HIV pandemic, sever­
al studies reported no convincing association between HIV and 
m a la ria l A systematic review published in 1998 supported this 
conclusion. However, the authors pointed out several lim ita­
tions of these earlier studies such as inadequate sample size, 
short follow-up periods and inability to stratify patients by level 
of immunity. In contrast, more recent evidence has shown a 
clear association between HIV infection and an increased risk 
of malaria, w ith HIV-infected patients having over twice the inci­
dence of clinical malaria compared to HIV-uninfected individu- 
a ls^ \ Additionally, a “ dose-response" relationship, o f decreas­
ing CD4 counts associated with increasing rates of clinical 
malaria and higher parasitem ia has been demonstrated.

HIV and malaria In pregnancy: The association is stronger and 
more consistent among pregnant women of all parities. HIV-1 
infected pregnant women have a higher prevalence of periph­
eral and placental malaria and higher parasite densities with 
more adverse birth outcomes than non HIV-infected women. A 
recent review on HIV-malaria co-infection in pregnancy showed 
that the gravidity-related pattern of malaria in pregnancy is

Continued on Page 10
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From the Editor
Malaria rem ains one of the worst 

enemies for populations in the 

tropical resource lim ited settings. 
Clinical malaria is diagnosed in 

300 -500  m illion people worldw ide 

per year but 90%  o f these are in 

sub-Saharan Africa.

The interaction between HIV 

infection and m alaria is pertinent. 

The body's defense system 
against m alaria involves CD4 T- 

lymphocytes, which Instigate the 
production o f antibod ies and 

cytokines. On the other hand the 

human im m unodefic iency virus 
utilises the CD4 T-lymphocytes for 
replication. This results in a drop 

o f the CD4 T-lymphocyte count 
and thus reduced immunity.

In th is  issue of ATIC News, our

lead a rtic le  exposes the im pact of 
th e  in teraction between malaria 

and HIV/AIDS, and thus the need 

fo r appropria te  anti-m alarial and 

antire trovira l therapy. We also 
po in t out som e im portan t drug 

in teractions between the new firs t 
line anti-m alaria l drug com bination 
Coartem and o ther commonly 

used drugs. However, inform ation 

on the  in teraction between anti­

retroviral drugs and Coartem are 
not yet published, but are in the 
pipeline for studies.

We encourage our fellow health­

care workers to  contact ATIC in 
case o f d ifficu lt AIDS and Malaria 
cases.

Thank you and enjoy th is  quarter 
o f 2007

^  Editorial Committee >

Dr. Mairin Ryan, HIV Pharmacist and Health 
Economist, Trinity College, Dublin, Ireland

Dr. Ceppie Merry, HIV Physician and 
Pharmacologist, ATIC

Prof. Allan Ronald, University of Manitoba, 
Canada

Claudine Hughes, Chief Pharmacist,
National Medicines Information Centre, 
Dublin, Ireland

Kim Scarsi, HIV Clinical Pharmacist, 
Northwestern Memorial Hospital, Chicago, 
USA

Dr. Gisela Schneider, Head of Training, 
Infectious Diseases Institute

Prof. Wally Schlech, University of 
Minnesota, USA

Francis Kalemeera, HIV Clinical 
Pharmacist, ATIC

Robinah Lukwago, HIV Clinical Pharmacist, 
ATIC

Drug interaction - updates from CROI
Several hundred abstracts and posters were presented t  the 
14th Conference on Retroviruses and Opportunistic Infections 
(CROI) in Los Angeles, California, USA. M arta Bofflto, MD PhD, 
captured key studies on drug-drug interactions involving ARVs.

Identification of Drug Interactions Involving ART in New York 
City HIV Specialty Clinics

Overall 1 in 5 patients receiving ART had a potential drug 
interaction. 20% of these interactions could have been associ­
ated with reduced antiretroviral drug plasma concentrations, 
which may compromise virologic response. Therefore, identify­
ing potential drug interactions promptly is fundam ental and 
may prevent drug resistance from developing, especially if mul­
tip le providers may be prescribing therapy.

Pharmacokinetic Interaction between Efavirenz and Diitiazem 
or Itraconazole after Multiple dose Administraition in Adult 
Healthy Subjects

In this study efavirenz was shown to significantly decrease 
the exposures of diitiazem (DTZ), itraconazole (ITR) and its 
active metabolite (hydroxy ITR [HITR]). Therefore, when com­
bined with efavirenz, DTZ dose adjustm ent should be guided by 
clinical response. In terms of the interactions with ITR, current­
ly there are no data using higher doses of ITR in combination 
with efavirenz, thus, no dose recommendation can be made 
and use of alternate treatm ent may be necessary for optimal 
antifungal therapy. Finally the study medications were general­
ly safe and well-tolerated when administered alone or in combi­
nation.

Pharmacokinetics and 12 Weeks Efficacy of Nevirapine, 400  
mg vs 600  mg per day in HIV infected Patients with Active TB 
Receiving Rifampicin: A Multicenter Study

Thirty HIV-infected Thai adults with CD4 count < 200 
ce lls/m m ’ and active tuberculosis were randomised to receiv­
ing a rifampicin 2-6 weeks and a nevirapine 400  (arm 1) or 
600 mg (arm 2) per day plus zidovudine and lamivudine. A 
nevirapine lead-in 2 weeks period was performed, as per stan­
dard of care, in both groups at 200  and 40 0  mg/day, respec­
tively. Plasma nevirapine concentrations were measured at 
week 2, 4  and 12. In patients treated concomitantly with nevi­
rapine and rifampicin, as many as 80% in the 400  mg arm had 
suboptimal nevirapine concentrations at 2 weeks after the 
lead in period, whereas nevirapine 600  m g/day was associat­
ed with a high rate of nevirapine hypersensitivity. Therefore, 
nevirapine 400  m g/day may be su ffic ien t for Asian HIV-infect­
ed patients receiving rifampicin, but a 200m g nevirapine lead- 
in period should be avoided. In addition, zidovudine should 
also be avoided during the firs t 3 m onths of advanced HIV/TB. 
Rifampicin-ZDV co-administration results in a significant reduc­
tion of the ZDV concentration in plasma. This may result in a 
partial or total loss in the ZDV efficacy (www.hiv-druginterac- 
tions.org). While, short-term efficacy is comparable in this 
study, a long-term efficacy study is under way.

Drug Interaction between Antimalariai Drugs and Efavirenz
An artemisinin-based combination therapy including arte- 

sunate (AS) plus amodiaquine (AQ) is now approved for first- 
line treatm ent of malaria in 15 African countries. The presert 
study was aimed at investigating the pharmacokinetics of AO 
and its active metabolite desethylamodiaquine (DEAQ) in the

Continued on Page 4
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Co-artem, the frontline weapon
Table 1: Coartem  Dosage and Adm inistration

Day 1 Day 2 Day 3

Adults and children > 35kg 4 tabs stat then 4 tabs after 8hr 4 tabs b.d 4 tabs b.d

Children: 25 to  <35kg 3 tabs stat then 3 tabs after 8hr 3 tabs b.d 3 tabs b.d

Children: 15 to  <25kg 2 tabs stat then 2 tabs after 8hr 2 tabs b.d 2 tabs b.d

Children: 5 to < 1 S k g 1 tab stat then 1 tab after 8hr 1 tab b.d 1 tab b.d

By Francis Kalem eera (BSc, B Pharm, M PS)

Coartem is an antim aiaria l drug combi­
nation containing artem ether and iume- 
fantrine [AL]. One tab le t contains 20mg 
and 120mg of artem ether and iume- 
fantrine respectively. Artemether is a 
sesquiterpene lactone derived from 
artem isinin, a natural substance from 
Artemisia annua. Lumefantrine is a syn­
thetic racemic fluorine mixture.

Indications
C oarten (AL) is used for the treatm ent of 
uncomplicated malaria and has been 
found to be safe and effective against 
P/asmoJ/um fa lciparum  and mixed infec­
tions in ilud ing P. falciparum . Coartem is 
effective against drug sensitive and drug 
res is ta rt P. fa lciparum  and it is thus rec­
ommended in areas where the parasites 
may be resistant to other antimalarials, 
includ irg sulphadoxine-pyrimethamine 
and chloroquine, the commonly used 
drugs if  resource lim ited settings*^

Mechanism of action
Arteme'.her and lum efantrine both act in 
the food vacuole of the malarial parasite. 
It is thought tha t there, they inh ib it the 
conversion of haem (toxic product from 
haemoglobin breakdown) to haemozoin, 
malaria pigment. While lum efantrine is 
thought to interfere with the polymeriza­
tion prccess, artem ether generates reac­
tive me.abolites as a result o f the inter­
action between its peroxide bridge and 
haem iion.

Pharmscokinetics
Arteme:her's absorption is fairly rapid, 
reaching peak plasma concentrations 
after two hours. Lumefantrine is a highly 
lipophilc compound whose absorption 
starts Efter a lag tim e of two hours and 
peak plasma concentrations are seen 
after 6-5 hours. Coartem should be 
taken vith food as food enhances the 
absorption of both artem ether and lume­
fantrine.

Arteniether and lum efantrine are both 
highly bound to serum proteins in vitro 
(95.4% and 99.7% respectively). 
Arteme:her is rapidly metabolised to its 
biologically active metabolite, dihy- 
droartenisin in through the enzyme 
CYP3A^. Artemether also has the capaci­
ty to incuce CYP2C19 and CYP3A4. 
Lumefantrine is metabolised mainly by

'b.d: twice daily

CYP3A4. In vitro, lumefantrine signifi­
cantly inhibits the activity of CYP2D6 at 
therapeutic concentrations.

Warnings and precautions
♦ For severe manifestations of malaria 
including cerebral malaria, pulmonary 
oedema and renal failure, other effective 
drugs such as quinine are recommend­
ed.
♦ If a patient deteriorates while on 
Coartem, alternate therapy should be 
started without delay. In such a case, 
however, the patient should be closely 
monitored (with an ECG) since lume­
fantrine and quinine may lead to cardio- 
toxicity.
♦ If a patient has been treated with halo- 
fantrine, Coartem should not be adminis­
tered earlier than one month after the 
last dose of halofantrine.
♦ If Coartem is given to patients after 
mefloquine, close monitoring of food 
intake is important. Mefloquine induces 
a reduction in bile production. Patients 
are thus advised to  eat at dosing times, 
which compensates for the associated 
decrease in bioavailability.
» Caution is advised when Coartem is 
given with some drugs that are inducers, 
substrates or inhibitors of the 
Cytochrome P450 isoenzyme 3A4

Pregnancy and lactation
Coartem is contraindicated in pregnant 
mothers during the firs t trimester of 
pregnancy. Women of child bearing 
potential should be advised to practice 
contraception while on Coartem.
Coartem should not be given to breast­
feeding women until after 28 days. 
However Coartem may be used in the 
above mentioned women if the benefit to 
m other outweighs risk to the fetus.

Side effects
Very common: Headache, dizziness, 
abdominal pain, anorexia 
Common: Sleep disorder, palpitation, 
cough, diarrhoea, vomiting, nausea, pru­
ritus, rash, arthralgia, myalgia, asthenia, 
fatigue
Uncommon: Somnolence, involuntary 
muscle contractions, paraesthesia, 
hypoesthesia, abnormal gait, ataxia 
Very rare: Hypersensitivity

Contraindications
The side-effects, pharmacokinetics and 
pharmacodynamics of Coartem have sig­
n ificant impact on the decisions made 
for the use of Coartem. It is contraindi­
cated in patients hypersensitive to the 
ingredients, firs t trimester of pregnancy 
and electrolyte imbalance. Due to the 
inhibition on CYP2D6 it is contraindicat­
ed in patients on drugs metabolised by 
th is  isoenzyme, amitriptyline, 
clom ipram ine, etc. Coartem is contraindi­
cated in patients taking drugs that are 
known to prolong the QTc interval such 
as Antiarrhythmics of classes lA and III, 
neuropleptics, antidepressant agents, 
certa in antib iotics including some afents 
of the following classes: macrolides, 
Fluoroquinolones, imidazole, and triazole 
antifungal agents.

References
1. Modest Mulenga, Jean-Pierre Van 
geertruyden etal. Safety and efficacy of 
lum efantrine-artem ether (Coartem®) for 
the treatm ent of uncomplicated 
Plasmodium falciparum malaria in 
Zambian adults
2. International Package Leaflet. 
Information Issued: October 2005
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Ask ATIC

Q: Should we continue to use sulfadoxine- 
pyrimethamine for In term ittent Preventive thera­
py (IPT) for malaria in pregnancy given that there  
is resistance to Fansidar?

F.G, Kisoro, Uganda

A: The alarming increase of sulfadoxine- 
pyrimethamine (SP) resistance in Africa has 
raised concerns about its use as IPT for malaria. 
Pharmacokinetic modeling suggests tha t the 
suppressive prophylactic effect of SP, assuming 
sim ilar pharmacokinetic profiles as in non-preg- 
nant adults, may last approximately 2 -3  months 
in areas with sensitive parasites. The period of 
effective post-treatment prophylaxis then pro­
gressively shortens with increasing drug resist­
ance, compromising the efficacy of the two-dose 
regimen given at 3-month intervals. SP resist­
ance is linked to mutations in the dihydrofolate 
reductase (dhfr) and dihydropteroate synthetase 
(dhps) genes. Parasites with four m utations in 
the dhfr gene, including the 164L mutation, are 
fully resistant. Such parasites have already been 
observed in Malawi, Uganda, and western Kenya 
though their rate of spread cannot be predicted. 
It might be slowed if SP use in the general popu­
lation is not widespread and is lim ited to IPT. 
Semi-immune pregnant women respond better 
to failing antimalarials than symptomatic young 
children. Meta-analysis of two trials in primigravi- 
dae and secundigravidae has shown tha t the 
protective efficacy of two-dose IPTp-SP against 
placental malaria remains high (52%, 95% Cl 
32 -6 7 ), even in areas where the treatm ent fa il­
ure rate by day 14 in symptomatic children is 
between 20% and 40%. This is the basis for the 
continued use of SP for IPT. However there is no 
data on IPTp with SP efficacy in areas with high 
SP resistance (more than 40% treatm ent failure 
by day 14 in children). This reveals a priority area 
for research in Uganda that will help inform the 
policy making process on whether we should 
continue to use fansidar for IPT In Uganda.

Reference:
Menendez.C, D'Alessandro. U, Kuile, K.
Reducing the burden o f malaria in pregnancy by 
preventive strategies The Lancet Infect Dis 2007; 
7 :1 26 -3 5

Updates from CROI
From Page 2

presence of efavirenz in healthy volunteers. The study was terminated after 
the firs t 2 subjects developed asymptomatic but significant elevations in 
liver transaminases following completion of the study. Addition of efavirenz 
to AQ resulted in total exposure increases of 114 and 302% for AQ and 
total exposure decreases of 23.7 and 8.5% for DEAQ for the first 2 sub­
jects, respectively. Efavirenz exposure was at or above historical results for 
healthy volunteers. Other infectious or metabolic aetiologies were excluded 
as causes of transaminase elevations. Liver function monitoring is needed 
in individuals requiring AQ/AS treatm ent for malaria in the setting of chron­
ic efavirenz therapy.

Plasma Concentrations o f Efavirenz and Loplnavir in Children with and 
w ithout Rifampicin-based Anti-TB Treatment

The study evaluated the plasma concentrations of efavirenz or lopinavir 
in children taking efavirenz or lopinavir/ritonavir plus 2 nucleoside reverse 
transcriptase inhibitors with and without rifampicin-based tuberculosis 
treatm ent. Standard recommended doses of all investigated agents were 
used and extra ritonavir was given during tuberculosis treatm ent to chil­
dren receiving lopinavir/ritonavir.R ifampicin did not significantly reduce 
efavirenz concentrations. However, it was noted tha t 50% of children had 
an efavirenz minimum concentration below the m inimum recommended 
concentration. This raises concern tha t a substantial proportion of children 
may be at risk of the rapid emergence of efavirenz-resistant mutations and 
treatm ent failure, suggesting that efavirenz doses should be revaluated, 
especially because therapeutic drug monitoring is seldom available in 
developing countries. Lopinavir m inimum concentration was sim ilar 
between the 2 groups. In all the 28 children studied, lopinavir m inimum 
concentration was above the minimum therapeutic level of 1 mg/L. This 
study confirmed that additional ritonavir can be used to delay lopinavir 
elim ination, thus overcoming the reduction of lopinavir concentrations 
caused by rifampicin. However, concern remains in terms of toxicity when 
higher ritonavir doses are administered.

Abacavir Plasma Pharmacokinetics in the Absence and the Presence of 
Atazanavir/Ritonavir or Lopinavir/Ritonavir) and Vice Versa in HIV-f Patients

The aim of th is study was to investigate abacavir plasma pharmacokinet­
ics in the absence and presence of atazanavir/ritonavir or lopinavir/riton­
avir and vice versa in HIV-infected patients. No changes in atazanavir, 
lopinavir, and ritonavir exposures were observed following addition of aba­
cavir to the regimens containing these protease inhibitors. However, mild 
(17%) and moderate (32%) decreases in abacavir plasma exposure were 
observed following addition of atazanavir/ritonavir or lopinavir/ritonavir, 
respectively. The mechanism of interaction, the impact on intracellular 
triphosphates and the clinical implications remain unclear and should be 
investigated further.

Effect o f Rifampin on Pharmacokinetics and Safety of Twice-daily 
Atazanavir ACTG Protocol A5213

In order to test the hypothesis tha t adequate plasma concentrations of 
atazanavir can be maintained if given at higher than approved doses (300 
mg and 400  mg twice daily, un-boosted) with concom itant rifampicin, 
steady state pharmacokinetics and safety of atazanavir and rifampicin 
were determined in healthy volunteers. However, although safe and gener­
ally well tolerated, atazanavir 300  mg or 400  mg every 12 hours did not 
maintain adequate plasma exposure to effectively treat HIV infection when 
co-administered with rifampicin 600  mg every 24 hours. Therefore, co­
administration of atazanavir and rifampicin m ust be avoided and further 
study is needed to investigate the role of ritonavir in lim iting the inducing 
effect o f rifampicin on atazanavir exposure.

Continued on Page 12
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Can Septrin be given witli antimalarlals?

A patient suffering from a severe adverse drug reaction

By Robinah.N.Lukwago (B. Pharm)

Approximately one million pregnancies 
per year are thought to be complicated 
by co-infection with malaria and HIV in 
sub-Saharan Africa'. Maternal malaria 
infection has been associated with 
maternal anaemia, in fant low birth 
weight and maternal and in fant mortality. 
Maternal HIV infection has also been 
associated with maternal anaemia and 
low birth weight and with increased risk 
of maternal m a la ria l HIV-associated risk 
of maternal malaria affects women of all 
gravidities, thus attenuating or even elim ­
inating the decrease in malaria para- 
sitaem ia normally seen in HIV-negative 
multigravidae^ The prevalence of mater­
nal anaemia and incidence o f low birth 
weight are both higher in pregnancies 
affected by HIV/malaria co-infection than 
in pregnancies affected by malaria or HIV 
alone. In the presence of co-infection, 
anaemia prevalence and low birth weight 
incidence may both exceed 35% in some 
subgroups\ Maternal m alaria/H IV co- 
infection may also increase the inci­
dence of mother-to-child transm ission of 
HIV, perhaps because malaria infection 
is known to increase HIV viral load, 
although published evidence has been 
inconsistent"'

WHO now recommends insecticide- 
treated bednet use and in term ittent pre­
ventive treatm ent for all pregnant women 
living in areas of stable Plasmodium fa l­
ciparum  transmission in Africa, along 
with antenatal HIV testing and antire tro­
viral therapy if indicated** Sulfadoxine- 
pyrimethamine (Fansidar) is generally 
regarded as the preferred antimalarial 
medication for in term ittent preventive 
treatment, although its effectiveness is 
now threatened by rising levels of drug 
resistance” . Daily prophylaxis with Co-tri- 
moxazole (Septrin) has been recom­
mended for all HIV-infected pregnant 
women in sub-Saharan Africa'". Thus, 
opportunistic infection prophylaxis with 
Septrin and malaria prevention with fan­
sidar involve two sim ilar sulfa drugs for 
HIV-infected pregnant women, which may 
pose problems in view of the potential 
risk of increased adverse drug reactions 
(ADR's).

Many HIV-infected people are intoler­
ant of Septrin because o f its sulfonamide 
component“  ‘ l  The risk of adverse reac­
tions to Septrin in HIV-infected people 
has been estimated at 26-3 per 100 per-

son-years, increasing substantially with 
advancing immunosuppression. The like­
lihood of adverse reactions also appears 
to vary by sex and race, and may be 
higher in women“  Studies have shown 
that concurrent administration of fansi­
dar and septrin has been associated 
with a substantially increased incidence 
of severe adverse reactions in HlV-infect- 
ed patients, and is therefore not recom- 
mended^

Because 
Fansidar is not 
as effective 
against bacterial 
pathogens'^'*'’
Septrin m ight be 
used to prevent 
both bacterial 
infections and 
malaria. Septrin 
has been used 
effectively to 
trea t malaria in 
children, and 
daily use of

Septrin by non-pregnant HIV-infected 
adults has been associated with reduc­
tions of over 70% in the incidence of 
febrile malaria parasitaemic syndromes*^' 

However, no published data yet 
describe the effectiveness of daily 
Septrin fo r the prevention of malaria and 
its consequences (specifically maternal 
anaemia, placental parasitaemia, and 
low birth weight) during pregnancy. 
Nevertheless, WHO now recommends 

daily Septrin as an alternative to 
in term ittent preventive treatm ent 
with Fansidar for immunocompro­
mised HIV-Infected womens 

Operational constraints result­
ing from late diagnosis may lim it 
the use of daily Septrin for malaria 
prophylaxis. Women who are not 
diagnosed with HIV until a fter the 
firs t antenatal visit may not present 
for HIV care until late pregnancy, 
especially where HIV care is not 
offered at the antenatal clinic 
itself. In many settings, prescription

Continued on Page 8
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Management of patients with fev
By Umaru Ssekabira (M.B.Ch.B, MSc CEB)

Introduction
Presumptive treatm ent of patients 
w itli fever as malaria is widely advo­
cated in Africa. In resource lim ited 
settings like Uganda, febrile episodes 
are commonly treated with an anti- 
malarial, often in the absence of a 
blood smear or even when the smear 
is negative.

Over-treatment of malaria was 
acceptable and even promoted in the 
era of inexpensive and safe chloro- 
quine monotherapy. In the new era of 
artemisinin-based com bination thera­
py (ACT), presumptive treatm ent 
becomes economically and clinically 
less acceptable. All clinicians need to 
appreciate the potential benefits of 
withholding antim alaria l trea tm ent 
from patients with a negative blood 
smear for malaria parasites which 
include:

•  Clinicians are more likely to 
focus on the true cause of fever.
•  The true cause o f fever may be 
managed in a tim ely m anner 
instead of being delayed by 
unnecessary antim alaria l trea t­
ment.
•  It reduces the num ber of unnec­
essary antim alaria ls given which 
is more cost-effective.
•  Targeting antim alaria l trea tm ent 
to those patients who have malar­
ia may lim it the developm ent and 
spread o f drug resistance.
•  It reduces the risk of adverse 
events due to unnecessary an ti­
malarials.

The reasons why health workers 
trea t patients with a negative blood 
smear with antim alaria ls include:

•  Belief tha t a febrile patient may 
still have malaria even when the 
blood smear is negative
•  The need to adhere to the MOH 
treatm ent guidelines which rec­
ommend treatm ent of fever with 
an antim alarial even when the 
blood smear is negative.
•  Inability to make any other 
definitive diagnosis.

In a study done a t Mulago 
Hospital, out of 1,602 patients 
whose blood smears for malaria par­
asites were negative at the firs t visit.

only 12 (0.8%) patien t’s progressed 
to uncomplicated malaria within 
seven days. This suggested th a t the 
m ajority o f patients whose blood 
smears were negative did not have 
malaria.

Interpretation of a negative blood 
smear In a patient with fever

The purpose of doing a blood 
smear is ideally to confirm  diagnosis 
and guide trea tm ent decisions. A 
negative blood smear in a patient 
with fever may mean the following:

•  The patient has been exposed 
to a partia lly effective antim alaria l 
or inadequate doses of an effec­
tive drug
•  The patient may have malaria 
but parasites not seen because of 
low parasite count or technical 
error
•  The patient may not have malar­
ia but another disease tha t pres­
ents as malaria

Possible causes of fever in a patient 
with a negative malaria smear

For ch ild ren
•  Respiratory tract infections: 
common cold, pneumonia, tuber­
culosis and sinusitis
•  O titis media
•  Viral infections: measles, 
mumps, rubella, chicken pox and 
HIV

•  Urinary tract infections
•  Gastroenteritis
•  M eningitis
•  Septicemia

For ad u lts :
•  Bacterial infections: meningitis, 
tuberculosis, typhoid and sepsis
•  Parasitic infections: toxoplasmo­
sis, fila riasis and amoebiasis
•  Viral: HIV, infectious m ononucle­
osis, yellow fever
•  Tumors: lymphomas
•  Drug reactions

Management of a patient with fever 
but a negative smear

Assuming that the test has been 
done with a well m aintained micro­
scope and stains, the clinician should 
re-assess the history, clinical exami­
nation find ings and the laboratory 
results. If the health facility and the 
laboratory can do more investigations 
the clinician should investigate for 
other causes of the fever basing on 
the history and clinical findings.

Further investigations in febrile ill­
ness with negative blood slide

Below is an outline of investiga­
tions tha t may be carried out in a 
patient who presents with fever but a 
negative smear:

•  Blood film s (Repeat a malaria 
smear, com m ent on the morpholo­
gy white blood cell and red blood

Fig 2: Map o f Uganda showing the estimated entomological inoculation rate (EIR), 1994 -  2004
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but no malaria parasites seen
cell distribution)
•  White blood cell count
•  Urinalysis
•  Stool analysis
•  Chest x-ray
•  Sputum microscopy
•  Blood culture & sensitivity
•  Serology
•  HIV, Hepatitis
•  Biopsy

Blood film examination can be an 
important tool in excluding important 
causes of fever like leukemia and 
sickle cell anaemia. Bacterial infec­
tions are commonly associated with 
increased neutrophils while viral 
infections are associated with 
increased lymphocytes. Some can­
cers, for example leukemia and lym­
phoma, are also associated with 
markedly raised white cell count. 
There are also situations that are 
associated with abnormally low white 
cell counts. Examples include viral 
infections like HIV and conditions 
that depress the bone marrow.

When all the above is finalised, 
the clinician should manage the 
patient according to the algorithm in 
Figure 1.

To determine the probability that a 
patient has malaria, consider the fol­
lowing factors:

•  Age: Children less than five 
years are at highest risk.
•  Immune status; Pregnant 
women and HIV-positive patients 
are at higher risk.
•  Transmission intensity: risk is 
directly proportional to the ento­
mological inoculation rate (EIR), 
which is a measure of the fre­
quency of infection and is defined 
as the number of infective bites by 
anopheles mosquito per year.

Situations where antimalarials can 
be given

If a patient has previously taken 
antimalarials, he/she should be 
asked about what drug was taken, at 
what dosage, and whether or not 
they vomited drugs given orally.

If inappropriate drugs or dosages 
were given, then give the recom­
mended antimalariai drug in the cor­
rect doses. The current malaria treat­
ment policy recommends use of 
artemether/lumefantrine as the first

line drug for uncomplicated malaria 
amongst patients who are five 
months and above and are not preg­
nant.

If a patient received an appropri­
ate drug but did not complete treat­
ment, he/she should be encouraged 
to complete the treatment.

If the reassessment does not lead 
to identification of the actual cause 
of the fever, it’s advisable that the 
patient be given an anti-pyretic and 
be followed up in two days or advised 
to return earlier than that if the con­
dition worsens. If there is an identi­
fied cause of fever then the clinician 
should give treatment appropriate for 
that illness (refer to the national 
standard treatment guideline for 
Ministry of health 2005).
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Septrin vs antiretrovirals
of Septrin may also be contingent on 
clinical and/or laboratory staging, which 
may introduce further delays in initiation 
of Septrin prophylaxis. If Septrin is not 
begun until the third trimester, malaria- 
related maternal anaemia and fetal 
growth retardation may already have 
developed.

Therefore given that both malaria 
and HIV/AIDS are leading Infectious dis­
eases in our resource lim ited setting, it 
is important that studies are conducted 
to generate evidence on the efficacy of 
Septrin prophylaxis on reducing rates of 
placental malaria and anemia in HIV- 
infected pregnant women.
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Circumcision Checks HIV
Review by M oham m ed Lamorde (MBBS)

On December 12, 2006  the Data and 
Safety Monitoring Board halted the cir­
cumcision study in Rakai, Southwestern 
Uganda, due to efficacy. Interim results of 
the randomised controlled trial in Rakai 
revealed 51% fewer HIV infections in a 
group of circumcised men compared to 
an uncircumcised control group over a 
period of two years. With these results 
male circumcision becomes the firs t new, 
proven HIV prevention method in over a 
decade.

The Rakai circumcision study was ini­
tiated following observational studies 
suggesting lower rates of HIV transm is­
sion in areas with high rates of male cir­
cumcision. The foreskin is vulnerable to 
tears and ulcers (e.g. secondary to sexu­
ally transm itted infections) and th is can 
create an entry point for HIV. Following 
circumcision the new skin is keratinized, 
reducing its vulnerability to HIV.

The Rakai tria l enrolled 4 ,996  men 
aged 15 - 49 and randomized them into 
two groups. The intervention arm 
(n=2464) was offered circumcision within 
two weeks of enrolment. For the control 
arm (n=2522) circumcision was to be 
offered after a delay of two years. 
Informed consent was obtained .

Adult male circumcision was found to 
be safe when performed by trained 
healthcare workers under aseptic condi­
tions. The benefit o f circumcision was not 
obvious in the firs t six months but 
became progressively more protective 
after tha t time. There were also 50% 
fewer episodes of genital ulceration 
among circumcised study participants. 
The trial results are supported by findings 
in studies in Kenya and South Africa 
which also found sim ilar rates of protec­
tion in circumcised participants.

The study was done by the Rakai 
Health Sciences Programme, a partner­
ship involving the Uganda Virus Research 
Institute, Makerere University Institute of 
Public Health, Columbia University and 
Johns Hopkins University.

The investigators caution that circum­
cision offers only partial protection and 
must be used as a part of a comprehen­
sive HIV prevention strategy including 
education, lim iting sexual partners and 
condom use.

The w riter Is a PK M edical Doctor. Infectious 

Diseases Institute



Vol. 3, Issue 4, June 2007 ATIC News

Teamwork is key in maiaria care
By Jimmy Andama

The Integrated Management of Malaria 
course at IDI provides an excellent 
opportunity to build teams and improve 
the quality of services in health care set­
tings. All staff of Omugo Health Centre IV 
in Arua District and members of the 
District Health Management Team (DHT) 
were trained as a team on management 
of patients with malaria. The training 
was attended jointly by clinicians, lab 
personnel, records staff and members of 
the DHT. This training was unique 
because earlier malaria management 
training only targeted specific categories 
of health workers independently. The 
records staff had never been thought 
about as an important and relevant cate­
gory of staff in the management of 
patients.

The course is offered by Joint Uganda 
Malaria Training Programme (JUMP), 
Uganda Malaria Surveillance 
Programme, Makerere University- 
University of California San Francisco col­
laboration and Ministry of Health.

As part of the training we were facili­
tated to develop a health facility work 
plan aimed at improving the quality of 
care that we offer to patients suspected 
to have malaria. We have implemented 
this plan and it has contributed to the 
overall improvement in our health care 
delivery systems. These include:
♦ Since the training took place, there 
has been a general improvement in man­
agement of fever, particularly malaria, 
through the use a more team-based 
approach. There is increased utilisation 
of the laboratory. This indicates that clini­

cians try to confirm malaria before decid­
ing the treatment to prescribe. The num­
ber of malaria blood slide smears that 
are positive has decreased, indicating 
that there is improvement in malaria 
management especially the preventive 
aspects which we started emphasising 
after the training.
♦ Irrational use of the antimalarial con­
taining artemether and lumefantrine 
(Coartem) has greatly reduced and thus 
the total number of doses of coartem 
dispensed to patients has reduced. 
Before the training, most fever patients 
were being given antimalarials despite a 
negative blood slide.
♦ Distribution of insecticide-treated mos­
quito nets to pregnant mothers at ante­
natal care (ANC) has reduced the num­
ber of malaria cases in pregnancy and 
most mothers tested for malaria, test 
negative.
♦ A health education programme on 
malaria prevention and control was start­
ed within the health unit and the com­
munity including schools.
♦ Data on malaria cases is being collect­
ed in time, kept securely, analysed and 
fed back given to every staff. This data is 
being utilised to plan for ordering of sup­
plies.
♦ As a result of prompt and proper man­
agement of patients at the outpatient 
department, there have been fewer 
patients admitted with severe malaria.
♦ There has been increased team work 
in the management of patients at the 
centre, resulting in the better patient 
management. The staff have formed a 
task force that is supposed to hold a 
meeting every month to review issues

The author (R) in class with other trainees

pertaining to malaria. This task force 
makes a presentation about their work in 
every general staff meeting.

Challenges
♦ The new approach has increased the 
work load in the laboratory, since we pre­
fer that every fever be investigated.
♦ The national drug supply system has 
remained poor, leading to stockouts of 
vital drugs.
♦ Because of the improved services, 
staff are overwhelmed by the influx of 
patients from outside our usual catch­
ment area.

Conclusion
This course has turned our performance 
around in a very dramatic way. It has 
helped to re-align us in the true medical 
professional path, and I would like to 
suggest that it be rolled out country wide 
so that every Ugandan Health worker is 
reached thus contributing to the effort to 
significantly reduce the burden of malar­
ia in this country.

Jimmy Andam a Is a Senior Clinical Officer 
Omugo Health Centre IV-Arua District

A group photo o f trainees 
attending a course at IDI on 
Integrated m anagem ent of 
malaria
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Interaction between Malaria and HIV
Continued from Page 1

altered by HIV so that the burden Is sh ift­
ed from prlmigravldae to all pregnant 
mothers^

HIV and severity of malaria: Whether HIV 
infected individuals are at risk for severe 
malaria is still inconclusive. Few studies 
have examined the effect o f HIV on the 
severity of malaria and these have 
shown that HIV-infected adults in regions 
of unstable malaria transm ission are at 
increased risk for severe and complicat­
ed malaria and death®.

HIV and malaria diagnosis and treat­
ment outcome: Diagnosis of malaria in 
many resource-limited settings is based 
on presence of fever. Drugs are common­
ly prescribed w ithout laboratory confir­
mation. Given that HIV infected individu­
als may present with fevers due to other 
opportunistic infections, absence of labo­
ratory confirmation of malaria may cause 
over-estimation of the malaria burden 
and inappropriate adm inistration of anti- 
malarial drugs. A study done in Tanzania 
found that 95% of all patients presenting 
with fever were treated with quinine and 
yet only 46% of them had a positive 
blood smear for malaria'. This m isdiag­
nosis puts patients at risk of death from 
other causes of fever that may not be 
treated as well as risk of adverse effects 
of drugs that they do not require. 

Regarding treatm ent outcome, some 
studies have suggested tha t HIV-infected 
individuals may have inferior responses 
to antimalarial therapy because of 
impaired host immunity. This could result 
from increased susceptibility to  new 
malaria infections, or because of 
recrudescence of infection. Early studies 
did not show association between HIV 
infection and antimalarial trea tm ent 
response®. However, more recent studies 
suggest that HIV infected patients may 
be at higher risk of treatm ent failure. A 
study done in Ethiopia showed delayed 
clearance of parasitemia in HIV infected 
adults treated with artem isinin for 
uncomplicated malaria®. A Ugandan 
study showed increased risk of re-infec- 
tion rather than recrudescence among 
HIV infected patients after antimalarial 
treatm ent^ while another study in 
Zambia showed tha t HIV infected 
patients with malaria and CD4 count 
< 300 /u l have higher risk of a recrudes-

Deadly allies: Malaria parasites (L) and the Human Immunodefficiency Virus (R)

cent in fection'^ Conversely another 
study in Uganda found that the HIV posi­
tive patients who took routine cotrimoxa- 
zole prophylaxis had reduced risk of 
treatm ent failure when they were treated 
with sulphadoxine-pyrimethamine (SP)“ .

HIV and malaria transmission and pre­
vention: Given tha t HIV infection increas­
es the risk of malaria with increased par­
asitemia and treatm ent failure, we can 
hypothesise that even malaria transm is­
sion increases with increased disease 
burden on health care facilities. However, 
no studies have been conducted to sup­
port th is association. Health care 
providers need to be more rigorous in 
preventing malaria in the HIV infected 
population. Routine cotrimoxazole pro­
phylaxis has been shown to reduce the 
incidence of malaria^. Other malaria 
control measures include insecticide 
treated bed nets (ITNs), indoor residual 
spraying and interm ittent preventive 
treatm ent (IPT) with SP in pregnancy. A 
study in Uganda reported a reduction in 
febrile parasitemia of 76% with cotrimox­
azole prophylaxis, 92% with cotrimoxa­
zole and antiretroviral treatm ent (ART) 
and 95% when ITNs were added to cotri­
moxazole and ART*"'. Another study 
demonstrated that the risk of malaria

Reports from Malawi and 

Uganda showed a rise in viral 
load at the time of malaria 

infection and this reduced 

with effective antimalarial 
treatment. However, the effect 
that this may have on HIV dis­

ease progression is not 
known.

among HIV-infected children receiving 
cotrimoxazole alone was decreased by 
35% while the risk of malaria acquisition 
in individuals receiving CTX and ITNs was 
decreased by 97%15. Use of IPT with SP 
in pregnancy has been shown to be 
effective in reducing the burden of 
malaria in pregnancy^®. Pregnant moth­
ers require two doses of SP in the sec­
ond and third trimester: however, a clini­
cal trial in western Kenya showed that 
HIV-infected mothers require at least 
three doses to achieve a reduction of 
placental parasitemia sim ilar to that 
seen in HIV-negative women receiving 
two doses of SP“ , A recent study in 
Malawi confirmed that monthly SP (medi­
an three doses) was more effective at 
reducing rates of placental parasitemia 
than two-dose regimens, in women with 
and w ithout HIV, However, IPT with SP 
may not be administered to HIV positive 
pregnant mothers on routine cotrimoxa­
zole prophylaxis.

Effect o f nnalaria on HIV: The immune 
response to malaria may increase the 
pool of lymphocytes available for HIV 
infection. Malaria antigens and pigments 
released during the burst of RBCs, stimu­
late cytokines like TNF alpha and G-CSF, 
which activate HIV replication, thus 
increasing viral load. Malarial episodes 
transiently increase viral load, and thus 
could theoretically have an impact on 
HIV disease progression and transm is­
sion. Reports from Malawi and Uganda 
showed a rise in viral load at the tim e of 
malaria infection and this reduced with 
effective antim alaria l treatm ent. In areas 
where malaria infection is endemic, 
recurrent infection occurs. However, the 
effect tha t th is may have on HIV disease 
progression is not known. Repeated

Continued on Page 11
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Interaction between HIV and Malaria
Continued from Page 10

malaria infections may accelerate HIV 
disease progression, thus the need for 
rigorous malaria prevention and treat­
ment in HIV positive individuals. High 
viral loads have been shown to be asso­
ciated with increased potential for HIV 
transmission.

Antiretroviral drugs, by boosting immu­
nity, reduce risk for opportunistic infec­
tions including malaria. Some ARVS have 
been shown to possess antimalarial 
properties in vitro” . With increasing rates 
of antimalarial drug resistance, the 
World Health Organisation recommends 
the use of artemisinin-based combina­
tion therapy (ACT). However, there is no 
data on ACT interaction with antiretrovi­
ral drugs. The potential for interaction 
between ARVS and antimalarials should 
not be overlooked because these drugs 
follow similar processes when adminis­
tered and are metabolised by the same 
cytochrome family of enzymes^. This 
interaction could result in increased or 
reduced plasma levels of either drug, 
with increased risk of toxicity or develop­
ment of resistance respectively.

In summary. Malaria and HIV interact, 
leading to effects on the incidence, 
prevalence, clinical manifestations, treat­
ment outcomes, drug interactions and 
toxicity. There are still gaps in knowledge 
on this interaction calling for research.
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Drug-drug Interaction between 
Loplnavir/Ritonavir and Rosuvastatin

Hyperlipidemia is a common complica­
tion in HIV-infected persons on antiretro­
viral therapy but few HMG CoA reduc­
tase inhibitors (also known as statins) 
are used in th is population because of 
the potential for drug interactions. 
Rosuvastatin is not a substrate for cyto- 
chome P450 3A4. Thus, drug interac­
tions between rosuvastatin and protease 
inhibitors seemed unlikely.
Nevertheless, van der Lee et al [CROI 
2006] showed a 1.5-2 fold increase in 
rosuvastatin (10 mg once daily) trough 
concentrations in HIV-infected subjects 
on lopinavir/ritonavir and advised to 
monitor possible adverse events when 
rosuvastatin is co-administered with pro­
tease inhibitors. The healthy volunteer 
study presented this year, however, 
showed that in the presence of 
lopinavir/ritonavir rosuvastatin (20 mg 
once daily) area under the curve (indi­
cating total plasma exposure) and maxi­
mum concentrations were unexpectedly 
increased 2.1- and 4.7-fold and conclud­
ed tha t the co-administration should be 
avoided and studies to elucidate the 
mechanism for th is interaction are need­
ed.

The Effect of Atazanavir and 
Atazanavir/Ritonavir on UGT1A4 Using 
Lamotrigine as a Phenotypic Probe

There are two major categones of 
metabolism reactions called Phase I and 
Phase II; and drug interactions may 
involve drugs metabolised through both 
phases. Glucuronidation is the most 
im portant Phase II reaction and anti­
retrovirals may be elim inated following 
glucuronidation and may impact the 
activity of the reaction. For example, 
recently, it has been shown that 
lopinavir/ritonavir induces glucuronida­
tion using lamotrigine as phenotypic 
probe for UGT1A4 (reduction in lam otrig­
ine exposure of 55%). Atazanavir is 
known to inhibit glucuronidation through 
U G T lA l, leading to asymptomatic hyper­
bilirubinemia. The objective of th is  study 
was to evaluate the effect o f atazanavir 
and atazanavir/ritonavir on UGT1A4 
using lamotrigine as phenotypic probe. 
While atazanavir alone did not signifi­
cantly influence glucuronidation o f sin­
gle-dose lamotrigine, atazanavir/riton­
avir resulted in moderately decreased 
exposure (32% decrease) to lamotrigine.

CROI
Effect of Famotidine 20- and 40-mg 
Dosing Reginnens on the Bioavailability of 
Atazanavir with Ritonavir In Combination 
with Tenofovir In Healthy Subjects

Atazanavir absorption is pH dependent. 
Previously, a reduction of 18 to 28% in 
atazanavir plasma exposure was 
observed when the H2-receptor antago­
nist, famotidine 40  mg every 12 hours 
was administered with atazanavir/riton­
avir 3 0 0 /1 0 0  mg in healthy volunteers. 
Tenofovir also decreases atazanavir expo­
sures when coadministered with 
atazanavir/ritonavir by approximately 25 
to 30%. The effect of lower doses of 
famotidine and tenofovir when simultane­
ously co-adminlstered with atazanavir/ 
ritonavir has not been studied. The objec­
tive of this study was to evaluate dosing 
strategies for famotidine to maintain 
atazanavir exposure when coadminis­
tered with tenofovir, in the presence of 
ritonavir. When famotidine 20 mg twice 
daily was administered with 
atazanavir/ritonavir and tenofovir, an esti­
mated 20% decrease in atazanavir mini­
mum concentrations was observed.
When famotidine 40 mg was adminis­
tered once daily, 12 hours apart from 
atazanavir/ritonavir, atazanavir minimum 
concentration was 23% lower relative to 
the control treatment. Famotidine 40  mg 
administered twice daily temporally sepa­
rated from atazanavir/ritonavir and teno­
fovir (10 hours before and 2 hours after) 
resulted in decreases in atazanavir maxi­
mum concentrations, area under the 
curve and minimum concentrations of 
26%, 21% and 28%, respectively.

Effects of Minocycline and Valproic Acid 
Co-administration on Atazanavir Plasma 
Concentrations

There is interest in studying the effects 
of both valproic acid and minocycline as 
adjunctive therapy for the treatment of 
HIV-associated cognitive impairment. The 
purpose of this study was to determine 
whether minocycline alone or in combina­
tion with valproic acid influenced 
atazanavir plasma concentrations in 
patients receiving atazanavir plus riton­
avir. Minocycline coadministration result­
ed in decreased atazanavir exposure 
(area under the curve 33% decrease, 
minimum concentration 50% decrease), 
and there was no evidence that the addi­
tion of valproic acid mediated this affect

Marta Boffito Is at St. Stephen’s Centre, 
Chelsea and Westminster Hospital, London, UK

In the news
lopinavir/ritonavir tablets
Lopinavir/ritonavir capsules  
(Kaletra) should be stored in the  
refrigerator to m aintain their sta­
bility. However this has been a 
challenge for many patients in 
the developing world who have 
limited access to refrigeration  
facilities. The developm ent of a 
new dosage form ulation of 
Lopinavir/ritonavir tha t does not 
have to be stored in the  fridge 
has therefore been received with 
enthusiasm  in many parts of the  
developing world. The new form u­
lation is called Aluvia. It is the  
sam e high-quality, non-refrigerat- 
ed product as Kaletra capsules 
m anufactured by Abbot. 
Lopinavir/ritonavir is a recom­
m ended second-line trea tm ent 
for HIV infection In the  developing 
world by the World Health  
Organisation. Protease inhibitors, 
such as lopinavir/ritonavir, are 
im portant treatm ent options in 
the fight against HIV when first- 
line regimens fail. Abbott Is devel­
oping a pediatric version of the  
lopinavir/ritonavir tab le t to pro­
vide greater dosing flexibility for 
physicians to treat children living 
v^lth HIV.
Source: www.abbott.com

Pharmacologists to meet
A four day networking m eeting foi 
clinical pharmacologists working 
in the field of HIV/AIDS, tubercu­
losis and m alaria is being organ­
ised by the Infectious Diseases  
Institute and the D epartm ent of 
Pharmacology, M akerere  
University. The m eeting will focus 
on the developm ent of Clinical 
Pharmacology in Africa and is 
supported by the European- 
Developing Countries Clinical 
Trials Partnership (EDCTP). 
Participants will com e from from  
Uganda, South Africa, Nigeria, 
Ireland, United Kingdom and US^.
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Health care related factors associated with severe malaria in children
in Kampala, Uganda

*Byakika-Kibwika P ‘, Ndeezi G^, Kamya MR'

’M akerere University, School fo Medicine, D epartm ent o f  Medicine, K am pala, Uganda
-M akerere University, School o f  Medicine, D epartm ent o f  Paediatrics and Child Health, K am pala, Uganda

Abstract
B a c k g ro u n d : Severe malaria is responsible for the high load o f  malaria mortality. It is n o t clearly understood  why som e 
m alaria episodes progress to severe malaria.
O b jec tiv e : To determ ine factors associated with severe malaria in children aged 6 m onths to  5 years living in Kampala. 
M e th o d s : O ver a 6 -m onth  period, 100 children with severe malaria w ere m atched by age and place o f  residence with 100 
children with non-severe malaria. We collected health care inform ation from  care takers.
R e su lts : Mean duration  o f  illness before  getting antimalarial treatm ent was shorter fo r con tro ls than cases (Shours vs. 
20hours, p 0.015). C hildren with severe malaria were less likely to have been treated with sulphadoxine-pyrim etham ine in 
the  preceding 2 weeks (OR 0 .2 ,95%  C l 0.04-0.85, p 0.016). O dds o f  severe malaria were higher in those w ho reported lack 
o f  protective m easures (m osquito  coils (OR = 20.63,95%  C l 1.5-283.3, p= 0 .02  and insecticide sprays O R  10.93,95%  C l 
1.13-105.64, p=0.03), although few reported  their use.
C o n c lu s io n s; Early anti-malarial treatm ent and use o f  barriers against m osquitoes prevent severe malaria in children. There 
is need to  increase the use o f  barriers against m osquito  bites and to scale up p ro m p t trea tm en t and comm unity’-based 
m terventions to  reduce the incidence o f  severe malaria in children.
K eyw ords: health care, severe malaria, children, Uganda 
R u n n in g  head : Factors associated w ith severe malaria in children 
African Health Sciences 2009; 9(3): 206-210

Introduction
It is estimated that in sub-Saharan Africa, between 
1.5 — 2.7 million people die annually due to malaria 
o f  whom  about 1 million are children below fn^e 
years o f  age'. Severe malaria occurs in one in every 
100 clinical cases o f  malaria am ong African children, 
often within 48 hours o f  the onset o f  fever^. Previous 
stu d ies  id e n tif ied  p a ra s ite , h o s t g en e tic , and 
immunologic factors, associated with developm ent 
o f  severe malaria’ ’, however, there is limited data 
on health care related factors associated with severe 
malaria in resource limited settings.

Inaccessibility to basic health facilities because 
o f  geographical or econom ic reasons often presents 
major challenges preventing prom pt access to early 
diagnosis and effective antimalarial treatment. Home 
based management o f  malaria in the form  o f  self-

*Correspondence author:
D r Pauline Byakika-Kibwika
Makerere University College o f  Health Sciences
school o f  Medicine
D epartm ent o f Medicine
P.O. Box 7072, Kampala, Uganda.
Telephone number; +256-(0)772-626885 
E-mail: pbyakika(S),gmail.com

treatment is often opted for after self-diagnosis based 
o n  p re su m p tiv e  sy m p to m s  o f  m alaria . We 
perform ed a case control study to determ ine health 
care related factors associated with severe malaria in 
children.

M aterials and M eth od s
Study site
The study was conducted in Mulago Hospital, the 
national referral and teaching hospital o f  Uganda. 
An area w ithin 20km radius o f  the hospital was 
defined as the catchm ent com m unity for both cases 
and controls. Malaria is meso-endem ic in this area, 
occurring perennially with peaks during the 2 rainy 
seasons.

Population
A case o f  severe malaria was defined as a child aged 
6 m onths to  5 years, w ith  P. falciparum  asexual 
parasitaemia, plus either cerebral malaria iPfalciparum 
malaria with manifestations o f  cerebral dysfunction 
including any degree o f  im paired consciousness, 
delirium, abnorm al neurological signs, and focal or 
generalized  convu lsions), p ro s tra tio n  o r severe
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malarial anemia {P.falciparum malaria with hemoglobin 
less than 5m g/dl) with no other confirm ed cause 
o f  the symptoms. All children with cerebral malaria 
had lum bar p u n c tu re  and ce reb ro -sp in a l fluid 
analyzed to exclude meningitis.

A con tro l was defined  as a child  aged 6 
m onths to 5 years, w ho presented  w ith fever or 
historj' o f  fever in the preceding 24 hours, with a 
positive blood smear for P. falciparum, a parasite count 
o f  at least 2000/ul with no other cause for the fever 
as well as not satisfying the criteria for severe malaria. 
Following recruitm ent o f  each case, a control from 
the same residential area and having a birth date within 
6 m onths o f  the case’ birth date was recruited. All 
the children were from areas surrounding Mulago 
Hospital and were all recruited during the same study 
period.

Calculadon o f  sample size was done using 
data from a previous study done in Jinja hospital'^. 
Substitudon into the formula for comparative studies 
(Schlesselman, 1974); yielded a sample size o f  100 
cases and 100 controls.

Studj procedures
T h e  ca re tak ers  w ere  in te rv iew ed  to  es tab lish  
symptom history, health seeking behavior, num ber 
o f  fever episodes in the past one year period, and 
use o f  protecdve measures against m osquito bites. 
A fin g er p rick  b lo o d  sa m p le  w as ta k en  fo r 
parasitological and hematological examinadons and 
each child had a physical exam inadon perform ed 
by the study physician. All children were treated 
acco rd in g  to  the  U g an d a  N a tio n a l T re a tm en t 
guidelines.

Laboratorj Tests
Thin and thick blood smears were stained with 2% 
Giemsa stain for thirty minutes, and parasite densities 
were calculated by counting the num ber o f asexual 
parasites per 200 white blood cells (WBC) assuming 
a WBC coun t o f  8 ,0 0 0 /u l o f  b lood . C om plete 
blood counts and hem oglobin estimation were done 
using the Coulter method.

Statistical analysis
D ata were recorded on standardized case report 
forms, reviewed daily for accuracy and completeness, 
and entered into E p iln fo  version 6.04® (Centers for 
Disease Control and Prevention, Adanta, GA) and 
analysis was done using SPSS 10.0 statistical software. 
O dds ratios (OR) with 95% confidence intervals 
were calculated. Categorical variables were analyzed

using Chi square test and Fisher’s exact test was used 
where cell num bers were expected to be less than 5. 
The Independent T  test was used for comparison 
o f  c o n t in u o u s  v a riab les  th a t  w ere  n o rm ally  
distributed. Non-norm ally distributed variables were 
log transform ed before applying the Independent 
T  test and multiple regression analysis. Only variables 
found to have a statistically significant association with 
severe malaria at bivariate analysis were entered into 
the multiple regression m odel using Conditional 
L o g istic  R e g re ss io n  to  id e n tify  in d e p e n d e n t 
predictors for severe malaria controlling for other 
factors. The Cox Regression procedure was used 
to fit a Conditional logit model. This was done by 
creating a failure tim e variable and a censoring 
indicator variable. A strata variable was created to 
specif)' the variable that determined the stratification. 
The Enter m ethod was used to  get the final model 
o f  independent risk factors for severe malaria using 
a p value o f  0.05 as the cut o ff level for significance.

Ethical considerations
The study was approved by the Makerere Universit)' 
Faculty Research and Ethics Com m ittee and was 
conducted  accord ing  to  G o o d  Clinical Practice 
standards^' All parents/guardians o f  the children 
gave w ritten  in fo rm ed  consen t.

R esults
Between January and March 2002,130 children with 
severe malaria were screened, o f  these, 100 children 
were enrolled consecutively and matched with 100 
children with non severe malaria. Thirty children with 
severe malaria were not enrolled because they either 
lived outside the catchment community for this study, 
had malaria with meningitis, o r their guardians did 
not consent to participate.

A m ong the children with severe malaria 44 
(44%) had severe anaemia, (13, 13%) had cerebral 
malaria and (17,17%) had prostration. Some children 
had m ore than one complication; 11 had cerebral 
malaria with severe anaemia, 8 had cerebral malaria 
w ith  p ro s tra tio n , 4 had  severe  anaem ia  w ith 
prostration , and 3 had severe anaem ia, cerebral 
malaria with prostration. Mean age o f  participants 
was 24 (SD 15.9) m onths and over 30%  o f the 
participants were in the age group 6-12 months. 
Ninety six percent and 97% o f the cases and controls 
were female. Mean (range) num ber o f  episodes of 
fever per child within the previous year was 3 for 
both cases and controls. M ost children (93% cases 
and 92% controls) had norm al haemoglobin t\'pe
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(haemoglobin AA). Two percent o f  the cases and sickle cell anaemia. Mean malaria parasite density'was
5% o f the controls were carriers o f  the sickle cell significantly higher am ong cases, (175,514/ul vs.
gene (haemoglobin AS). N one o f  the controls had 73,052/ul p=0.002) as indicated in table 1.
hem oglobin SS com pared to 3% o f  cases who had

Table 1: Comparison o f characteristics of cases and controls

Variable Cases N =100 Controls N =100 P value
Mean age in m onths (SD) 25 (15.9) 24 (15) 0.49
%  female 39 45 0.39
Mean age o f  caretaker in years (SD) 25.6 (6.8) 24.8 (6.7) 0.44
%  with a m other as caretaker o f  child 91 91 1.0
Caretaker’s marital status 72 81 0.13
% o f caretakers with at least primary level education 89 86 0.36
Mean num ber o f  malaria episodes in previous year (range) 3 (0-10) 3 (0-20) 0.60
Haemoglobin AA 93 (93%) 92 (92%) 0.213
Haemoglobin AS 2 (2%) 5 (5%)
Haemoglobin SS 3 (3%) 0
Mean parasite density 175,514 73,052 0.002

Sociodemographic characteristics o f  caretakers o f 
cases and controls were com parable as shown in 
table 1. M ost caretakers (132, 66%) administered 
some form  o f m edicine to  the children at hom e 
b efo re  v isiting  h o sp ita l. C h lo ro q u in e  was the 
com m onest anumalarial taken at home; (51% cases 
and 52%  co n tro ls). O th e r  d rugs adm in istered  
included quinine, sulphadoxine-pyrimethamine (SP), 
am odiaquine, herbal m edication, antibiotics and 
antipyretics. D uration  o f  illness before receiving 
antimalarial treatm ent was significandy shorter for 
the controls (8 vs. 20 hours, p= 0 .015). Children with 
severe malaria were less likely to have been treated 
with SP in the proceeding two weeks (OR 0.2 95% 
Cl 0.04-0.85 p=0.016).

M ost c a re ta k e rs  (89, 89% ) knew  th a t 
mosquitoes transm it malaria although not all o f them 
used protecdve measures against mosquito bites. Bed 
nets were the m ost frequendy used protective measure 
(80, 40%) however, the majority o f  caretakers did 
n o t know  if  their nets w ere insecticide treated. 
Insecticide sprays and m osquito coils were the other 
m e th o d s  used , h o w ev e r, very  few  care tak ers  
reported their use (insecticide sprays; 1’̂ , 8.5% and 
m osquito coils; 10, 5%). Adjusted odds ratios o f  
having severe malaria were higher in those who did 
n o t use any p ro te c tio n  against m osqu ito  bites 
(m osqu ito  coils; O R = 2 0 .6 , 95%  C l 1.5-283.3, 
P=0.02, insecticide sprays; O R 10.9, 95% Cl 1.1- 
105.6, p=0.03, bednets O R 2.27, 95%CI 0.95-5.36 
p = 0.06) (table 2).

Table 2: Factors associated with severe malaria after multiple regression analysis

Factor O R C l P value
Log (duration o f  illness prior to getting antimalarial
treatment in hours) 2.23 1.07-4.65 0.03
Log (duration o f  illness prior to presentation at the
hospital in days) 0.51 0.09-2.7 0.43
Lack o f use o f  insecticide sprays 10.93 1.13-105.64 0.03
Lack o f  use o f  bed nets 2.27 0.95-5.36 0.06
Lack o f use o f  m osquito coils 20.63 1.50-283.3 0.02
Log (parasite density/ul o f  blood) 2.0 1.04-3.87 0.03

D iscu ssion
We perform ed a case control study to determ ine 
factors associated  w ith  dev e lo p m en t o f  severe 
malaria in children. O ur findings show that high

parasite density and longer duration o f  illness before 
administering antimalarial treatm ent plus lack o f use 
o f  p ro tec tiv e  m easures against m osqu ito  bites
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significantly increased  risks fo r severe m alaria in 
children.

O u r findings are co n sis ten t w ith  findings 
from  previous studies p e fo rm ed  in  m alaria endem ic 
areas'" '^ . We found  very lim ited  use o f  barriers 
against m osqu ito  bites in ou r study population . This 
could be explained by low  socio -econom ic  status 
o f  o u r study popu la tion  a lthough  in fo rm ad o n  to 
determ ine socio-econom ic status was n o t collected. 
A lthough tw o prevdous studies concluded  that socio­
econom ic factors were n o t the m ajo r de term inan ts 
for severe malaria in children^'®, socio-econom ic status 
d e te rm in e s  access  to  in s e c tic id e  t r e a te d  n e ts , 
insecticide coils and access to  health  facilities.

Sixty six p ercen t o f  all the children in our 
study received som e fo rm  o f  trea tm en t w ithin 24 
h o u rs  o f  re co g n itio n  o f  illness as e ith e r  herbal 
m ed ication  o r  m o n o th e ra p y  like ch lo ro q u in e  o r 
am od iaqu ine  w hich  is in a p p ro p ria te  fo r m alaria 
treatm ent. T h is reflects insu ffic ien t know ledge o f  
diagnosis and treatm ent o f  malaria in the community. 
Indeed N sungw a-Sabid  e t al in  a study in U ganda 
found a num ber o f  fever illness classifications in the 
c o m m u n ity  all o f  w h ic h  c o u ld  be  b io m e d ic a l 
m alaria'’' b u t w ere defined  o therw ise. A  study done 
in 4 districts o f  U ganda found  high rates o f  self- 
medication as first action w hen the children fell sick'^ 
. In ano ther study in K abarole district, U ganda, many 
m others gave local herbs w hich they th o u g h t w ere 
effective against malaria and so delayed taking their 
children to health facilities'^. O n e  study found  that 
although treatm ent initiation was p rom pdy done, over 
half the tim es it was in ap p ro p ria te” .

U ganda w as the first coun try  to  scale up 
H o m e  B ased  M a n a g e m e n t o f  F e v e r /M a la r ia  
(H B M F) in 2002'* .T h is H B M F  stra tegy  in  rural 
Uganda was evaluated and revealed an im provem ent 
in the accum ulated p ro p o rtio n s  o f  patien ts tre a ted '’ 
. O u r find ing  o f  red u ced  risk  o f  severe m alaria 
am ong children treated w ith SP in the preceding two 
weeks suggests th a t use o f  a longer acting effective 
antimalarial reduces risk for severe malaria. Use o f  
artem isinin based com bination  therapy (ACT) as part 
o f  H B M F  cou ld  reduce  th e  in c id en ce  o f  severe 
malaria in children. Ajayi et al show ed th a t ACTs can 
be successfully in tegrated  in to  the H B M F strategy in 
a study conducted  in G h an a , N igeria and  Uganda™ 
. This could be com bined  w ith appropria te  training 
o f  m o th e rs  o n  re c o g n i tio n  o f  sy m p to m s  an d  
p ro m p t trea tm en t o f  malaria.

T he  case con tro l study design is p rone  to 
inform ation and selection bias as well as bias resulting

from  con found ing  factors. H ow ever, we minim ised 
bias by training the in terv iew ers how  to adm inister 
the questionnaire. B linding o f  in terv iew ers was no t 
possible because the clinical p ictu re  o f  the cases was 
e v id e n tly  d if f e r e n t  f ro m  th a t  o f  th e  c o n tro ls . 
Selection bias was m inim ised by restricting bo th  cases 
and con tro ls to  individuals living w ith in  a 20 K m  
radius o f  the hospital. C o n fo u n d in g  was minim ised 
by m atch ing  cases and  con tro ls  by age and  area o f  
residence. I t is possib le  th a t som e o f  the contro ls 
later on  developed  severe malaria; how ever, we were 
unable to  identify these because w e did n o t follow 
them  up.

In conclusion , o u r results dem onstra te  the 
need for scale up  o f  health  education  to  p rom ote  
use o f  barriers against m osqu ito  bites, p ro m p t anti- 
m a la r ia l t r e a tm e n t  a n d  c o m m u n ity -b a s e d  
in terven tions against m alaria as p a rt o f  a national 
p rogram  to  reduce th e  incidence o f  severe malaria 
in children.
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Effect o f  HIV-1 infection  on malaria treatm ent outcom e in 
Ugandan patients

P a u l i n e  B y a k i k a - K i b w i k a ,  E d w a r d  D d u m b a  a n d  M o s e s  K a m y a  

M akcrc rc  U niversity  M cdical School, D e p a r tm e n t o f  M edicine, K am pala, U ganda

A b s t r a c t

B a c k g r o u n d :  M alaria and HIV-1 in fec tio n  cause s ignificant m o rb id ity  and m o rta lity  in sub-Saharan  A frica. HIV-1 increases risk  for 

m alaria w-ith the risk incTeasing as im m un ity  declines.T he effect o f H IV-1 infection on antim alarial tre a tm e n t o u tcom e  is still inconclusive. 

O b je c t iv e :  To co m p are  an tim a la ria l tre a tm e n t o u tc o m e  am ong  HIV-1 positive  and negative  pa tien ts  w ith  acu te  unco m p lica ted  

falciparum  m alaria tre a ted  w ith  c h lo ro q u in e  plus su lfadox ine-p jT im etham ine  (C Q + S P ).

M e t h o d s :  N in e ty  e ig h t H IV -1 positive  pa tien ts  aged 18 m o n th s  o r  o ld e r  w ith  acu te  u n co m p lica ted  falciparum  m a la ria  w ere  trea ted  

w ith  C Q + S P  and follow ed fo r 28 days to  m o n ito r  o u tco m e .T re a tm e n t o u tco m e  o f  H IV -1 positive p a tien ts  w as com pared  to  that o f 193 

HIV-1 negative h isto rica l co n tro ls . T h e  p rim ary  s tu d y  o u tc o m e  fo r b o th  g ro u p s w as tre a tm e n t failure.

R e s u l ts :  H IV -1 positive p a tien ts  o ld e r  than  5 years o f  age w ere  less likely to  have tre a tm e n t failure com pared  to  HIV-1 negative patien ts 

in the  sam e age g ro u p  (R R  0 .5 9  9 5 %  C l 0 .4 -  0 .8 ,  p <  0 .0 0 1 ) and HIV-1 positive pa tien ts  on  ro u tin e  co trim o x az o le  prophylax is  w ere  

less likely to  have tre a tm e n t fa ilu re  fo llow ing  C Q + S P  tre a tm e n t com pared  to  HIV negative  pa tien ts  (R R  0 .6  9 5 %  Cl 0 .4 3 -0 .9 2 , p =  

0 .0 0 6 ) .T h e re  w as no  d iffe ren ce  in tre a tm e n t o u tc o m e  accord ing  to  HIV-1 status fo r c h ild re n  y o u n g e r than  5 years o f age. 

C o n c l u s io n s :  A d h eren ce  to  c o tr im o x azo le  p rophv lax is  shou ld  be re in fo rced  in HIV positive  p a tien ts  and  it shou ld  be  reassessed if 

these  p a tien ts  p re sen t w ith  a cu te  ep isodes o f  m alaria.

Key w ords: m alaria , HIV, U ganda, an tim alaria l tre a tm e n t response 

R unn ing  head; E ffect o f  HIV in fec tio n  o n  an tim alaria l tre a tm e n t o u tco m e  

African Health Sciences 2007; 7 (2 ):8 6 -9 2

Introduction
In Sub Saharan Africa, m alaria and HIV infec­

tions arc cndcm ic and responsible for significant m o r­
bidity and m ortality . M alaria causes about 300-500 m il­
lion clinical eases annually, 90%  o f w hich occur in sub- 

Saharan Africa'. The Join t U nited  N ations Program  on 
H IV /A ID S (UNAIDS) estim ated  that 29 .4  M illion A fri­

cans arc infected w ith HIV (UN AIDS, D ecem ber 2002).

Two recen t studies on the effcct o f HIV-1 in ­
fec tio n  on  m alaria  in c id e n ce  have p ro v id e d  s tro n g  

cvidcnce for an increased risk  o f malaria am ong H IV -1 

positive patients^ Bccausc H IV -1 infection im pairs cell- 

m cdiatcd im m unity, som e au thors have argued that HIV- 
1 infectcd individuals may be at h igher risk for o r suffer 

poor outcom es to  malaria infection. O nly a few studies 

have exam ined the effect o f  HIV -1 infection on response 

to  a n tim a la r ia l  t r e a tm e n t  an d  th e se  have  y ie ld e d  

conflicting resu lts ' T h ere fo re  the  cffect o f HIV-1 in ­
fe c t io n  o n  a n tim a la r ia l  t r e a tm e n t  r e s p o n s e  is 

inconclusive.The objective o f  this study was to  com parc

th e  t re a tm e n t  o u tc o m e  am o n g  HIV-1 po sitiv e  and 
negative patients w ith acute uncom plicatcd  falciparum  

m alaria  t re a te d  w ith  ch lorocju ine  plus su lfadox ine- 
pyrim etham ine (C Q + S P ) and follow ed for 28 days.

Materials and M ethods

Study site
T he study was conducted  betw een  N ovem ber 2004 and 

June 2005 in M ulago H ospital, Kam pala, Uganda. The 

HIV-1 p o s itiv e  p a t ie n ts  w e re  r e c r u i te d  fro m  th e  
paediatric  and adult infectious diseases clinics and the 

H lV -n e g a tiv c  p a t i e n ts  w e re  r e c r u i t e d  fro m  th e  
ou tpatien ts’ clinic.

Ethical consideration
The study was approved  by th e  M akcrerc  U niversity 

F acu lty  R e se a rc h  and  E th ic s  C o m m itte e  and was 

con d u cted  acco rd ing  to  G ood  C linical P ractice  stan ­

dards. All participan ts gave w ritten  in form ed  consent.

Correspondence 

Fauline Bjakika

Department ojMedicine, Makerere University, 

P.O.Box 1 0 1 2 ,Kampala, Uganda.

Telephone number:(2 5 6 )0 4 1 -3 0 1 2 2 4  

E-mail: pbvakika(^.gmaiL com

Population
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C onsccutivc HIV-1 positive patien ts vvitJi sym ptom s of 

acute uncom plicated  Jalciparum  m alaria and a positive 

s c re e n in g  th ic k  b lo o d  s m e a r  ( s ta in e d  w ith  10%
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L cish m an ’s sta in  fo r  10 m in ) w e re  r e fe r r e d  fo r  s tu d y  

e n r o lm e n t .  P a t ie n ts  w e re  e n r o l le d  if  th e y  m e t  th e  

fo llo w in g  inc lu sio n  c r i te r ia : ' age 1 8 m o n th s  and  a b o v e ,  ̂

an  e le v a te d  te m p e r a tu re  a t  p re s e n ta t io n  ( >  3 7 .S ° 8 C  

ax illary ) o r  a h is to ry  o f  fev e r  in th e  p re v io u s  24  h o u rs ,  ̂

P.falciparum  m o n o -in fe c tio n  w ith  >  2 ,0 0 0  asexual p a ra ­

s i te s /  u l, ■* absence  o f  o th e r  causes o f  fev e r (b ased  o n  th e  

clinical ju d g m e n t o f  d ie  s tu d y  p h y sic ia n ),  ̂ ab sen ce  o f  

sev ere  m alaria  (W H O , 2 0 0 0 )  o r  d a n g e r  signs (inab ility  

to  s ta n d  o r  d r in k , re c e n t  c o n v u ls io n s , le th arg y , o r  p e rs is ­

te n t  v o m itin g  in c h ild re n  less th a n  fiv e), n o  h is to ry  o f  

an a llerg ic  re a c tio n  to  su lp h o n a m id e s , ’’ w illin g n ess o f  

th e  p a t ie n t  o r  an  a d u l t  g u a rd ia n  to  p ro v id e  w r i t te n  

in fo rm ed  co n se n t, and  “ re s id en ce  w ith in  th e  city  o f  K am ­

pala.

P a tien ts  e n ro lle d  in th e  s tu d y  w e re  ev a lu a ted  

by a s tu d y  physic ian  fo r  sy m p to m s  an d  d ie i r  d u ra tio n , 

m e d i c a t i o n  h i s t o r y  w i th  e m p h a s i s  o n  u s e  o f  

c o t r i m o x a z o l e  p r o p h y l a x i s ,  d u r a t i o n  o f  u s e  a n d  

ad h e ren ce  m easu red  by se lf  r e p o r t .  W eig h t w as m easu red  

in k ilo g ra m s and  te m p e r a tu re  w as m e a su re d  u.sing an 

e le c tro n ic  ax illa ry  th e r m o m e te r .  B lood  w as c o lle c te d  

by v c n ip u n c tu re  o n  th e  day o f  e n ro lm e n t  an d  by finger- 

p r ic k  on  fo llo w -u p  days.

HIV-1 negative  p a tie n ts

HIV-1 negative h isto rical con tro ls w ere 
se le c te d  fro m  an e a r l ie r  a n tim a la r ia l s tu d y  
conducted in the ou tpatients’ clinic from  Decem ber 
2003 to August 2004. Selection criteria and follow- 
up schedule were similar to  that for HIV-1 posi­
tive patients. A database containing inform ation on 
patien t’s age, sex, w eight, baseline tem peratu re , 
p re - tre a tm e n t parasite  density , and tre a tm e n t 
outcom e was created. New random  num bers were 
com puter-generated and linked to  original patient 
study num bers in the database and on filter paper 
blood samples to  identify the corresponding data 
and blood sample for each patient. The original 
iden tifica tion  n u m b ers  w ere  d e le te d  from  the 
database and the filter papers. HlV-1 testing was 
perform ed on dry filter paper blood samples. All 
participants in this study gave w ritte n  inform ed 
consent to future use of biological specimens and 
th e  F acu lty  E th ics and R e sea rch  C o m m itte e  
approved HIV-1 testing of the de linked samples. 
HIV-1 testing o f historical controls was perform ed 
on filter paper blood samples using two enzyme 
linked im m unosorbent assays (ELISA) in parallel 
(V ironostika HIV-1 Plus O  M icroelisa System ,

BioMerieux, Inc. D urham , NC, U.S.A. and Genetic 
Systems rLAV EIA Bio-Rad Laboratories, H ercu­
les, CA, USA). Patients w ere classified as HIV-1 

positive if both enzyme immunoassays were posi­
tive and HIV-1 negative if bo th  w ere negative. 
W estern  blots (G enetic Systems HIV-1 W estern 
Blot, Bio-Rad Laboratories, Hercules, CA, USA) 
w ere perform ed on d iscordant samples, and the 
resu lts w ere classified as positive, negative, or 
indeterm inate. Indeterm inate W estern blot results 
were repeated and subsequently classified as posi­
tive or negative. Only HIV-negative subjects were 
selected as historical controls.

T reatm en t an d  fo llo w -u p
B oth H IV -1 p o sitiv e  an d  neg a tiv e  p a tien ts  w ere  tre a te d  

w ith  2S m g /k g  o f  C Q  (A vloclor, Z E N E C A , 10 m g /k g  

on  days 0 and  1, S m g /k g  o n  day 2 ) p lu s a sing le  dose  o f  

1.25 m g /k g  p v r im c th a m in e  an d  25 m g /k g  su lfadox ine  

(F a n sid a r, R o c h e )  o n  day 0 . A ll d o se s  w e re  d ire c t ly  

o b se rv e d  and  if a p a tie n t v o m ite d  w ith in  th ir ty  m in u tes 

o f  d o s in g ,  t h e  m e d i c a t i o n  w a s  r e - a d m i n i s t c r c d .  

P a race tam o l w as a d m in is te re d  to  all p a tie n ts . P atien ts 

w ere  fo llo w ed  on  days 1, 2 , 3, 7 , 14, 21 and  28 and 

fo llo w -u p  con sisted  o f  a b r ie f  h isto ry , clinical exam ination  

and a b lo o d  sm e a r  fo r  m ala ria  o n  each  day. P a tien ts  w ere  

en c o u ra g e d  to  co m e  back  to  th e  c lin ic  a t any tim e  if they  

fe lt ill, and  th ey  th e n  re c e iv e d  a full ev a lu a tio n  inc lud ing  

ex a m in a tio n  o f  a b lo o d  sm ear. P a tien ts  w h o  m e t c r ite r ia  

fo r  c lin ic a l fa ilu re  w ith  C Q  +  SP w e re  t r e a te d  w ith  

in tra v e n o u s  o r  o ra l q u in in e  (1 0  m g  s a l t /k g  ev ery  8 h r  

fo r  7  day s). If p a tie n ts  d id  n o t  r e tu r n  fo r  sc h e d u le d  

fo llo w -u p , th ey  w e re  v isited  and  assessed  a t h o m e . If the  

h o m e  h e a lth  v is ito r  co u ld  n o t  lo ca te  p a tie n ts , th ey  w ere  

classified  as lo s t to  fo llo w -u p . P a tien ts  w e re  ex c lu d ed  

fro m  th e  s tu d y  fo r  th e  fo llo w in g  reaso n s: (1 ) ad m in is­

tr a t io n  o f  an tim ala ria l d ru g s  o u ts id e  th e  stu d y  p ro to c o l, 

(2 ) e m e rg e n c e  o f  a n o th e r  fe b rile  illness w h ich  w ou ld  

i n t e r f e r e  w i th  c la s s i f ic a t io n  o f  m a la r ia  t r e a t m e n t  

o u tc o m e , (3 ) m o v e m e n t away fro m  th e  stu d y  a rea , o r  

(4 ) w ith d raw a l o f  in fo rm e d  c o n se n t.

L aborato ry  Tests
T h in  b lo o d  sm e a rs  (o b ta in e d  o n  day 0 ) an d  th ic k  b lo o d  

sm e ars  (o b ta in e d  o n  days 0 , 3, 7 , 14, 2 1 , and  28) w ere  

s ta in e d  w ith  2 %  G iem sa  s ta in  fo r  th i r ty  m in u te s , and 

p arasite  d ensities w ere  ca lcu la ted  by co u n tin g  th e  n u m b e r  

o f  asexual p a rasites  p e r  2 0 0  w h ite  b lo o d  cells (W B C ) 

assu m in g  a W B C  c o u n t o f  8 ,0 0 0 /u l  o f  b lo o d .
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O u tco m e M easu rem en ts
T re a tm e n t o u tc o m e  over 28 days o f  fo llo w -u p  was 
classified according to  th e  W H O  T rea tm en t O u tcom e 
Classification (W H O , 2002). Patients w ere classified as 
Early T rea tm en t Failure (ETF) if they developed danger 
signs o r severe m alaria on o r before  day 3, had fever and 
a day 2 parasite density  g rea te r than that on day 0, had 
fever and parasitem ia on day 3, o r had a day 3 parasite 
density  >  25%  o f that on  day 0. Late Clinical Failure 
(LCF) was defined  as p a rasitem ia  a fte r day 3 w ith  a 
docum en ted  tem p era tu re  >  37 .S°C  (axillary), danger 
signs, o r severe malaria. Late Parasitological Failure (LPF) 
was defined as p resence o f parasitem ia on day 28 and 
te m p e ra tu re  < 3 7 .S °C  (ax illary ), w ith o u t prev iously  
m eeting  any o f  the  c riteria  o f early o r late trea tm e n t 
failure. All o th ers  w ere classified as A dequate Clinical 
and Parasitological R esponse (ACPR).

Statistical A nalysis
Data w ere reco rd ed  on standardized  case re p o rt form s, 
rev iew ed  daily fo r accu racy  and co m p le te n ess , and

Figure 1: S tudy p ro file  o f  HIV-1 p o sitiv e  p atien ts

I s c r c c n i . ’!

en te red  in to  Epilnfo version 6 .0 4 ®  (C en ters for Disease 
C ontro l and Prevention, A tlanta, GA). Clinical treatm ent 
success was defined as an ACPR response and clinical 
trea tm en t failure defined as e ith e r ETF o r LCF or LPF. 
Data w ere sum m arized using frequencies, m edians, and 
m eans. Analysis for m alaria parasite density was done on 
log-transform ed parasite density  values. C ontinuous va­
riables w ere  com pared using the IndependentT -test. As­
so c ia tio n  b e tw e e n  HIV-1 in fe c tio n  and  tr e a tm e n t  
ou tcom e w as d e te rm ined  by estim ating relative risks and 
9 5 %  c o n f id e n c e  in te r v a l s  (9 5 %  C l)  u s in g  c ro ss  
tabulation. A tw o sided p value <  0 .05  was considered 
statistically significant.

R esults

A total o f  2186 HIV-1 positive patients w ith fever and 
axillary tem p era tu re  > 37 .5"C  w ere scrccncd for m ala­
ria; 269 (12% ) had a positive malaria b lood sm ear and 
w ere re fe rred  for study inclusion, 1 14 fulfilled the in­
clusion c riteria  and w ere en ro lled  into die study (figure 
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The prim ary  reasons for exclusion  w ere: p resence o f 

concom itant febrile illness (49 , 32% ), residence outside 

the city o f Kampala (47 , 30% ), insufficient parasitem ia 

(41, 26% ), severe m alaria (17 , 11%) and lack o f consent 

(1 ,1  % ). O f the 114 H IV -1 positive patients 16 w ere no t 
included in the analysis because o f c ith e r loss to  follow

up o r use o f additional antim alarial m cdication  outside

the study pro toco l.

From the historical cohort of 213 patients; 193 (90%) 
were HIV-1 negative and included as the comparison group, 8 
(4%) were HIV-1 positive and 12 (6%) had discordant HIV test 
results.

Table 1; B aseline c h a ra c te r is tic s  o f  p a tie n ts  w ho co m p le ted  th e  study

C haracteristic HIV  s ta tu s
HIV-I ;negative HIV-1 p o sitiv e

Less th a n  S y ears 5 y ears a n d  ab o v e Less th a n  5 y ears 5 y ears  a n d  ab o v e
Perccnt female 46% 55% 44% 66%
Median age in years (IQR) 3.0 (2-4) 9(6-12) 4(3-4) 25 (10-34)
Mean temperature “C (SD) 38.3(1.2) 37.7(1.1) 38.5(0.9) 38.0 (1.0)
Mean Parasite density per 58,828 (74388) 49,897(65116) 53,250(67666) 63,032 (107614)
ul (SD)
Mean log parasite density (SD) 4 .4(0 .65) 4 .3(0 .62) 4 .3 (0 .69 ) 4.4 (0.6)
Median weight (IQR) 13 (10 15) 24 (19-35) 13.1 (37.7-39.3) 45.5 (24.6-54)

T he baseline ch arac te ris tics  o f p a tien ts  w ho 
com pleted  the study and w ere included in the analysis 
are shown in Table 1. Baseline characteristics o f HIV-1 

positive and negative patients less than S years o f age 
w ere com parable. HIV-1 positive patients o lder than 5 

years w ere o lder than the H IV -1 negative patients in the 

same age group , they also w'cighed m ore  (p < 0 .0 0 1 ) , 
p re sen te d  w ith  h ig h er te m p e ra tu re  (p = 0 .0 0 9 )  and 

te n d e d  to w a rd s  h ig h e r  p a ra s i te  d e n s i ty  (p  =  0 .2 )  

com pared to  the  HIV-1 negative patien ts in the sam e age 

group.

C om parison  o f  tre a tm e n t o u tc o m e
T hirty  th ree  (34% ) o f  the  HIV-1 positive patients had 
C Q + S P  trea tm e n t failure com pared  to  1 19 (62% ) of 

the HIV-1 negative patien ts (RR 0 .S 4  9S%  Cl 0 .4 -0 .7  p 

<  0 .0 0 1 ).

Am ong patien ts younger than S years, 4  (44% ) 

o f the  HIV-1 positive  p a tie n ts  had tre a tm e n t failure 
com pared to  45 (76% ) of the  HIV-1 negative patients 

(RR 0.S8 9S% CI 0 .2 -1 .2  p =  0 .1 0 3 ). A m ong patients 5 

years and o lder; 29 (33% ) o f  d ie  HIV-1 positive patients 

had trea tm en t failure co m pared  to  74  (55% ) of the HIV- 
I negative patients (RR 0 .5 9  95%  Cl 0 .4 -0 .8 , p <  0.001) 

(Table 2).

Table 2 C om parison  o f  tre a tm e n t o u tc o m e  am ong  HlV-1 positive a n d  n eg a tiv e  p a tie n ts

T reatm en t o u tc o m e  below  S years 
HIV-1 n ega tive  HIV-1 positive

Age; S years a n d  above 
HIV-1 n ega tive  HIV-1 positive

(N = 5 9 ) (N = 9 ) (N = 1 3 4 ) (N = 8 9 )

Failure n (% ) 45 (76) 4 (4 4 ) 7 4 (5 5 ) 29 (33)

ACPR n (% ) 14 (24) 5 (5 6 ) 60 (45) 60 (67)

P = 0 .1 0 3 P = 0 .0 0 I

Table 3 C om parison  o f  tre a tm e n t o u tc o m e  am ong  HlV-1 positive p a tie n ts  o n  co trim o x a z o le  a n d  HIV- 
1 negative  p a tien ts

T reatm ent o u tc o m e HlV-1 positive  on HIV-1 negative ,
c o trim o x az o le n o t o n  c o trim o x az o le

Failure n, (% ) IS (39) 119 (62)
ACPR n, (% ) 28 (61) 74 (38)

RR =  0 .6 , 95%  Cl =  0.43 - 0 . 9 ,  P =  0 .0 0 6
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C o m p a r iso n  o f  t r e a tm e n t  o u tc o m e  o f  HIV-1 

p o sitiv e  p a tien ts  o n  c o tr im o x a z o le  w ith  tlia t o f  HlV-1 

n eg a tiv e  p a tie n ts  (Table 3) sh o w ed  th a t  18 (3 9 % ) o f  th e  

H IV -1 p o sitiv e  p a tie n ts  o n  c o tr im o x a z o le  h ad  t r e a tm e n t 

fa ilu re  c o m p a re d  to  119 (6 2 % ) o f  th e  HlV-1 negative  

p a tie n ts  (R R  0 .6  9 S %  C l 0 .4 3 - 0 .9 ,  p =  0 .0 0 6 ) .

Discussion

W e c o m p a re d  C Q  +  SP t r e a tm e n t  o u tc o m e  fo r a c u te  

u n co m p lic a te d _ /j/c ip a ru m  m a la r ia  a m o n g  HIV-1 p o s i­

tiv e  and  negative  p a tie n ts  o v e r  a 28 day p e r io d . W e found  

th a t  H IV -1 p o sitiv e  p a tie n ts  o ld e r  th a n  S years  o f  age 

w e re  less likely to  have t r e a tm e n t  fa ilu re  c o m p a re d  to  

HIV'-1 negative  p a tie n ts  in th e  sa m e age g ro u p .T h e re  was 

n o  d iffe ren ce  in t r e a tm e n t  o u tc o m c  a c c o rd in g  to  H IV -1 

s ta tu s  a m o n g  p a t ie n ts  y o u n g e r  th a n  5 y e a rs  o f  ag e ; 

h ow ev er, th e  sa m p le  size fo r  th is  age  g ro u p  w as very  

sm all.

Very few  s tu d ie s  have e x a m in e d  d ie  e ffe c t o f 

HIV  in fe c tio n  o n  r e s p o n s e  to  a n tim a la r ia l  t r e a tm e n t  

o u tc o m e .T w o  s tu d ie s  d o n e  in Z a ire  fo u n d  th a t  th e re  was 

n o  sign ifican t d iffe ren ce  in  th e  level o f  tr e a tm e n t  fa ilu re  

a m o n g  H IV  p o s itiv e  an d  n e g a tiv e  c h i ld r e n  o n  day 7 

fo llow ing  t r e a tm e n t  w ith  qu in ine^ . A few  s tu d ie s  c a rr ie d  

o u t  in o d ie r  areas have  su g g e sted  a d e c re a se d  re sp o n se  

to  an tim alaria l t r e a tm e n t  in H IV  in fe c te d  p a tie n ts . O n e  

o f  d ie se  w as a r e tro s p e c tiv e  s tu d y  d o n e  in U ganda w hich  

sugg ested  th a t  c o - in fe c tio n  w ith  H IV -1 m ay re n d e r  C Q  

less effec tive  th e ra p y  fo r m a la ria  in children '^ . H ow ever, 

th is  s tu d y  u se d  a s in g le  a n t im a la r ia l  d r u g  w ith  h igh  

re sis tan ce  levels , o n  a very  sm all sa m p le  size o f  ch ild re n . 

A n o th e r  s tu d y  f ro m  E th io p ia , su g g e sted  d e c re a se d  c lea ­

ra n c e  o f  PJalciparum  in H IV -1 p o s itiv e  p a tie n ts  a f te r  

t r e a tm e n t w ith  a r te m is in in '” .

O u r  find ings a re  s im ila r  to  re su lts  fro m  a few  

prev io u s s tu d ie s  w h ich  sh o w ed  d ia t  HIV-1 in fec tio n  has 

n o  sign ifican t im p a c t on  m a la ria  t r e a tm e n t  o u tc o m c  in 

children*’'^ '"  T h e  s tu d y  d o n e  in  U g an d a  fo u n d  th a t 

HIV-1 in fe c tio n  in c re a se d  th e  s u s c e p tib il i ty  fo r  n ew  

m alaria  in fec tio n s b u t  n o t  r e c ru d e s c e n c e  in ad u lts , and 

th e r e  w as n o  in c re a se d  r isk  o f  m a la r ia  a m o n g  H IV -1 

in fcc ted  children '*‘.T h e  r e c e n t  s tu d y  f ro m  Z am b ia  found  

th a t H IV -1 in fec tio n  w as n o t  a r isk  fa c to r  fo r  r e c ru d e s ­

cence  o r  re in fe c tio n , a lth o u g h  p a tie n ts  w ith  a C D 4  cell 

co u n t < 3 0 0 c e l l s /u l  w e re  m o re  likely  to  have r e c u r re n t  

p a rasitem ia , re c ru d e sc e n c c  an d  n e w  in fe c tio n ’’ .

R e sp o n se  to  an tim a la ria l th e ra p y  is d e p e n d e n t 

on  th e  ab ilities o f  b o th  an tim a la ria l d ru g s  and  h o s t im ­

m u n e  resp o n ses  to  in h ib it in fe c tin g  p a rasites '* ' M ala- 

ria-specifiic im m u n ity  is a c q u ire d  w ith  r e p e a te d  ex p o su re  

to  m alaria  parasites  an d  th is  im m u n ity  in crease s w id i age

Sim ilarly, re sp o n se  to  an tim a la ria l th e ra p y  im proves 

as th e  level o f  a c q u ire d  im m u n ity  increases '* . A ld iough  

th e  im m u n o lo g ic a l c o n se q u e n c e s  o f  H IV  in fec tio n  are  

w ell es tab lish ed , th e  in te ra c tio n  b e tw e e n  H IV  in fec tio n  

and  P. fa lc ip a ru m ,  b o th  w id e ly  c o -d is t r ib u te d  in sub - 

S a h a r a n  A f r ic a  is n o t  f u l ly  u n d e r s t o o d ^ '.  T h e  

im u n o su p p re s s io n  c a u se d  by  H IV  in fe c tio n  m ig h t be  

asso c ia ted  w ith  th e  fa ilu re  to  p ro te c t  against m alarial in ­

fec tio n  and  th e  d e v e lo p m e n t o f  c lin ical d isease b u t n o t 

t r e a tm e n t  o u tc o m e . A n o ld e r  stu d y  su g g e sted  th a t  so m e  

c o m p o n e n ts  o f  th e  s p e c i f ic  im m u n e  r e s p o n s e s  to  

fa lc iparum  p a ra s ite s  m ay n o t  b e  m o d ifie d , d e sp ite  th e  

d e c re a se  in C D 4  c o u n ts  w ith  H IV  in fec tio n

W e classified  p a tie n ts  in to  c a teg o rie s  

acco rd ing  to  age w ith  five years  as th e  c u t  off age. P revious 

s tu d ie s  have sh o w n  th a t  age  is a p re d ic to r  o f  an tim alaria l 

tr e a tm e n t re sp o n se . A s tu d y  o n  p re d ic to rs  o f  c h lo ro q u in e  

tr e a tm e n t  failu re  sh o w ed  th a t  p a tie n ts  u n d e r  d ie  age o f  

five w e re  m o re  likely to  fail th e ra p y  and  fail early  in th e  

co u rse  o f  t r e a tm e n t” .T h is  c a te g o r iz a tio n  o f  p a tien ts  was 

also  s u p p o r te d  by  d a ta  th a t  sh o w s th a t  a n tim a la r ia l  

im m u n i ty  in c r e a s e s  w i th  a g e , a n d  e f fe c t iv e n e s s  o f  

an tim ala ria l d ru g s  is a ffe c ted  by th e  im m u n e  sta tu s  o f  th e  

h o s t '“- “ .

T h e  HIV-1 p o sitiv e  p a tie n ts  in o u r  s tu d y  w ere  

re la tiv e ly  o ld e r  th an  th e  H IV  n eg a tiv e  p a tie n ts . It is p o s ­

sible d ia t  th e  advan tage  o f  o ld e r  age and tlie re fo re  g re a te r  

acq u ired  im m u n ity  ba lan ced  o u t  d ie  re la tiv e  d isadvantage 

o f  HIV in fec tio n  an d  r e d u c e d  im m u n ity  a m o n g  th e  HIV 

p o sitiv e  p a tien ts .

W e also fo u n d  th a t  HIV-1 p o sitiv e  p a tien ts  on  

ro u tin e  c o tr im o x a z o le  p ro p h y la x is  w e re  less likely to  

h av e  t r e a tm e n t  fa ilu re  fo llo w in g  C Q  +  SP t r e a tm e n t  

c o m p a r e d  t o  H IV -1  n e g a t iv e  p a t i e n t s .  D a ily  

c o tr im o x a z o le  p ro p h y la x is  has b e e n  sh o w n  to  p ro v id e  a 

b enefic ia l e ffec t in  p re v e n tin g  m a la ria , and  d e a th  in HIV- 

1 p o sitiv e  patients.^*’.C o tr im o x a z o le  is 9 9 .5 %  effective 

in p re v e n tin g  m ala ria  w h ile  effec tiv en ess w ith  SP is 95% , 

and b o th  have a b o u t 8 0 %  th e ra p e u tic  efficacy fo r th e  

t r e a t m e n t  o f  m a la r ia ^ ’ . H o w e v e r ,  c r o s s - r e s is t a n c e  

b e tw e e n  c o tr im o x a z o le  an d  SP is a p o te n tia l c o n c e rn  

w h en  c o tr im o x a z o le  p ro p h y la x is  is u sed  in areas w h ere  

SP is u sed  fo r t r e a tm e n t  o f  m a la r ia .T h is  cro ss re sis tan ce  

has b e e n  show n  to  o c c u r  b e tw e e n  c o tr im o x a z o le  and  SP 

(2 8 -3 0 ) ,  a l th o u g h  a n a ly s is  o f  m a la r ia  p a ra s i te s  f ro m  

ch ild re n  in M ali w h o  h ad  re c e iv e d  a t leas t o n e  m o n th  o f  

c o t r im o x a z o le  p r o p h y la x is  d e te c te d  n o  r e s is ta n c e -  

c o n fe rrin g  m u ta tio n s. S im ilarly , a s tudy  in U ganda*' found 

no  sign ifican t d if fe re n c e  b e tw e e n  e id ie r  th e  p ro p o r t io n  

o f  m ala ria l ep iso d es  w ith  re s is ta n t o rg an ism s o r  th e  in c i­

d e n c e  o f  S P —r e s i s t a n t  m a la r ia  b e f o r e  a n d  a f t e r  

co tr im o x a z o le  p ro p h y la x is  w as in tro d u c e d .
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Our study was done in a specialized HIV clinic, 
where comprehensive HIV care is provided, including 
health education, antiretroviral therapy and malaria 
preventive materials such as insecticide-treated bed 
nets. It is possible that patients at these clinics have 
developed  b e t te r  h e a lth -re la te d  b eh av io r and 
higher rates o f self-treatm ent com pared to  HlV-1 
negative patients in the general population. In ad­
d itio n , som e p ro te a se  in h ib ito rs  u sed  in the 
trea tm ent of HIV infection may also be effective 
in the treatm ent or prevention of malaria.

Use of a historical cohort was a lim itation 
o f  th is  s tu d y ; ho w ev er, th is  m ay n o t have 
significantly affected our study results because the 
HIV-1 positive cohort which was recruited  latter 
had lower risk of treatm ent failure. We could have 
also in troduced  m easurem ent bias in this study 
because the tw o groups o f patients were followed 
up at different times and so there could have been 
differences in m easurem ents as well as missing data 
in the h isto rical database. We w ere  unable to  
perform genotyping to  distinguish re infection from 
recrudescence. The study done in Uganda showed 
that HIV positive adults had higher risk for re-in- 
fection’ and the Zambian study found that patients 
with a CD4 cell count < 3 0 0 ce lls /u l w ere m ore 
likely to have recurren t parasitemia, recrudescence 
and new infection".

In conclusion, our findings show that the 
HIV-1 positive patients older than 5 years o f age 
were less likely to  have treatm ent failure com pared 
to  the HIV-1 negative patien ts in the same age 
group and use of daily cotrim oxazole prophylaxis 
by the HIV positive patients was associated with 
re d u c e d  r isk  o f  C Q  +  SP t r e a tm e n t  fa ilu re . 
Adherence to cotrim oxazole prophylaxis should be 
reinforced in HIV positive patients and it should 
be reassessed if these patients present w ith acute 
attacks of malaria.
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