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Introduction 

1. Pro logue 

In 1981 the acquired immunodeficiency syndrome (AIDS) was first described 
among homosexual men.1-3 The later so designated human immunodeficiency 
virus type 1 (HIV-1) was identified in 1983-1984 as the etiologic agent of 
AIDS.4" HIV-1 is a retrovirus of the lentivirus subfamily. In 1987 a new ret
rovirus, HIV-2, which is related to, but distinct from HIV-1, was isolated 
from West African patients.8 '9 Infection with HIV-2 predominantly occurs in 
West African countries. 

HIV-1 is the more pathogenic of the two retroviruses and is responsible for 
the majority of AIDS-related morbidity and mortality. Before the availability 
of antiretroviral drugs, the average time from infection with HIV-1 to AIDS 
was 8-10 years and death followed 10-12 months after the AIDS diagnosis.10-

12 

The development of sensitive methods to quantify the amount of HIV-1 RNA 
in serum or plasma and the introduction of new, potent classes of antiretrovi
ral drugs, the protease inhibitors and the non-nucleoside reverse transcrip
tase inhibitors, increased the insight in the replication dynamics of HIV. 
With the availability of combination therapy it became possible to achieve 
durable control of HIV-1 replication in vivo, with reduction of HIV-1 RNA in 
blood to below the limit of detection of commercially available assays for at 
least three years.1315 The advent and widespread use of such potent antiret
roviral therapy in the mid nineties has changed the clinical course of HIV-1 
infection dramatically in a substantial proportion of HIV-1 infected individu
als and has led to a significant decline in the incidence of AIDS and AIDS-
related mortality in the developed world.11'"20 

However, with the currently available antiretroviral drugs eradication of the 
virus from an infected person does not seem to be possible. Despite sustained 
suppression of HIV-1 RNA in plasma several obstacles to such eradication 
can be identified: (1) the presence of anatomical reservoirs for HIV, (2) the 
persistence of latently infected, resting CD4+ T cells, and (3) ongoing low-
level viral replication. 

As a prelude to a review in the following sections of these anatomical and 
cellular reservoirs for HIV and the ongoing low-level viral replication, the 
dynamics of HIV-1 RNA viremia after the start of antiretroviral therapy are 
briefly reviewed first. 
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Chapter 1 

2. Vira l dynamics after t h e s tar t of po t en t an t i r e t rov i r a l t h e r a p y 

Studies by Wei et al. and Ho et al., published early 1995, gave an important 
insight into the replication dynamics of HIV-1.2122 These studies showed 
that, in spite of the apparently stable situation during the clinically asymp
tomatic phase, HIV-1 infection is in all stages a highly dynamic process in
volving continuous rounds of infection of susceptible cells. In these studies 
nevirapine, ritonavir or indinavir, potent inhibitors of HIV-1 reverse tran
scriptase and protease, respectively, were used alone or in combination with 
other antiretroviral drugs in patients with HIV-1 infection, and plasma HIV-
1 RNA levels were monitored closely. In the first two weeks of therapy the 
concentration of HIV-1 RNA in plasma declined rapidly (minus 2 logio; Figure 
1) and the CD4+ T lymphocyte count increased.2122 The rapid decline in 
plasma HIV-1 RNA levels led to the assumption that the drugs largely pre
vented new infection of susceptible cells, and that the observed decrease re
flected both the clearance of free virions and the loss of cells that produce the 
vast majority of the plasma virus. Mathematical modelling of the data re
sulted in estimates of the virion clearance rate and the rate of loss of virus-
producing cells in vivo.2* The half-lives of free virions and of productively in
fected cells (presumably activated CD4+ T lymphocytes) were calculated to be 
< 6 hours and 1-2 days, respectively.23 Consequently, in an untreated person 
during steady state a total of 1010 virions was estimated to be produced and 
cleared each day.23 Originally it was argued that the rapid increase in CD4+ T 
lymphocyte count following the initiation of antiretroviral therapy reflected 
the pre-treatment rate of CD4+ T lymphocyte production and destruction.2122 

However, in these studies the possibility of redistribution of cells from the 
lymphoid tissue to the peripheral blood, rather than de novo production, was 
not considered.24-29 Several mechanisms have been hypothesised to be in
volved in the rapid turnover of productively infected CD4+ T lymphocytes. 
The virus replication may result in cell lysis either by a direct cytopathic ef
fect or through immune mediated killing.30-31 

The short half-lives of free virions and of productively infected cells thus un
derscore the fact that virus replication is active and ongoing throughout the 
course of the disease and that plasma HIV-1 RNA levels reflect the rate of 
viral replication. 

In subsequent studies, the decline of plasma HIV-1 RNA following the start 
of therapy with a combination of antiretroviral agents turned out to be bi-
phasic (Figure l).35 The initial rapid decline of plasma HIV-1 RNA during the 
first 1-2 weeks is followed by a slower second phase decline with a half-life of 
1-4 weeks.35 

10 



Introduction 

1000000 

100000 

5 10 15 

Time on HAART (months) 
20 

F i g u r e 1 Hypothetical decay curve for plasma virus levels in a patient treated with highly 

active antiretroviral therapy (HAART). The first phase of decay reflects the short half-life of 

plasma virus and of the productively infected CD4+ lymphoblasts tha t produce most of the 

plasma virus. The second phase of decay reflects the longer half-life of a second population of 

virus-producing cells. The plasma virus levels fall to a new set point that is generally below 

the level of detection of current assays. Virus replication continues at a low level, with only 

very occasional viremic episodes ("blips"). In the hypothetical case of t reatment with regi

mens that completely prevent new infection of susceptible cells by extracellular virus, 

plasma virus levels would drop further until they reached the extremely low levels associ

ated with activation of cells in the latent reservoir. The intrinsic decay rate of this reservoir 

remains to be determined (Annu. Rev. Immunol. 2000. 18:665-708). 

The source of the plasma HIV-1 RNA during this second phase is not pre
cisely known. It is thought that the virus is partially derived from infected 
macrophages, which have a slower turnover rate than productively infected 
CD4+ T cells. The observed decay rate is compatible with the measured turn
over rate of macrophages in uninfected individuals.35 The virus that appears 
during the second phase of decay may also result from the mobilisation of 
free virions trapped on follicular dendritic cells (FDC) in the peripheral lym
phoid tissue. This pool of trapped extracellular virions has been demon
strated to decline with a half-life in the order of 2 weeks in patients on effec-
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tive combination therapy,3'3 and is therefore thought to be an important 
source of virus during the second phase of decline.30 These reservoirs account 
for only a small portion of the total virus production in an untreated individ
ual, but become evident when the cells that produce most of the plasma virus 
have largely disappeared. Under the assumption that there are no additional 
reservoirs, the second phase of decay extrapolates to zero residual infected 
cells in two to three years of completely suppressive antiretroviral therapy.35 

Although these viral dynamics models have been extremely useful in under
standing pathogenesis and response to antiretroviral therapy, many ques
tions remain unanswered. First, these models assume that there are no cells 
or viral reservoirs that decay more slowly than the described cells/viral res
ervoirs that are responsible for the second phase of decay, and that there are 
no sanctuary sites, which are impenetrable by some or all of the antiretrovi
ral drugs (see sections 3 and 4).35 Second, the models of viral decay have been 
built upon the assumption that no new cells arc infected once combination 
therapy is started. This notion has recently been challenged by Grossman 
and colleagues who have suggested that the death of infected CD4+ T cells is 
more appropriately modelled as an ageing process, in which cells that have 
been infected for a longer period of time have a higher probability of dying. 
The use of an exponential decay model would therefore not be appropriate, 
since it does not incorporate the notion that the chance an infected cell will 
die is related to the length of time a cell has been infected.37 In their model, 
combination therapy does not completely block infection of new cells, but 
rather results in a decrease of the amplitude of ongoing HIV infection cycles. 
The currently used combinations of antiretroviral drugs can substantially re
duce the size of these local bursts of viral replication and diminish their fre
quency, but have yet failed to abolish them. 

An increasing body of evidence suggests that there is indeed ongoing viral 
replication even in patients whose HIV-1 plasma RNA levels are below the 
limit of detection of sensitive commercially available assays (see section 5). 
Also, treatment with five drugs has been shown to result in a more rapid ini
tial decline of plasma HIV-1 RNA levels compared to treatment with three 
drugs, consistent with the idea that the currently used combination therapy 
is not completely suppressive.38 
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3. Pharmaco log ica l l imi ta t ions of cu r ren t ly avai lable d rugs 

3.1 Ant i r e t rov i ra l d rugs 

There are currently three classes of antiretroviral drugs on the market. The 
first class is that of the nucleoside analogue reverse transcriptase inhibitors 
(NRTIs). All NRTIs are prodrugs and must be phosphorylated in the target 
cell by host cellular enzymes to form the active compound necessary for the 
antiretroviral activity.3942 These drugs inhibit the replication of HIV in two 
steps. The NRTI-triphosphates (dideoxynucleoside triphosphates (ddNTP)) 
compete with their corresponding endogenous deoxynucleoside triphosphates 
(dNTP) for incorporation into proviral DNA during the process of reverse 
transcription. Once incorporated into viral DNA, ddNTP prevents further 
elongation of the DNA chain since ddNTP lack the essential 3'-OH group re
quired for further synthesis of DNA.41-46 Furthermore, high levels of zi
dovudine monophosphate have been shown to impair HIV-1 reverse tran
scriptase RNase H activity.47 Four groups of NRTIs are registered for treat
ment of HIV-1 infected patients: (1) thymidine analogues (zidovudine (ZDV) 
and stavudine (d4T)), (2) cytidine analogues (lamivudine (3TC) and zalci-
tabine (ddC)), (3) a guanosine analogue (abacavir (ABC)), and (4) an adeno
sine analogue (didanosine (ddl)). 

The second class of antiretroviral drugs consists of the non-nucleoside re
verse transcriptase inhibitors (NNRTIs). These drugs bind directly to the vi
ral reverse transcriptase and block the polymerisation of viral RNA to DNA 
by causing a conformational change that inactivates the enzyme.18-50 NNRTIs 
do not have to be phosphorylated intracellularly. There are three NNRTIs 
commercially available: delavirdine (DLV), nevirapine (NVP), and efavirenz 
(EFV). 

The protease inhibitors (Pis) are the third class of antiretroviral drugs. These 
drugs inhibit the HIV-1 protease enzyme, which is responsible for the post-
translational processing of gag and gag-pol precursor polyproteins.51 As a re
sult, non-infectious, immature virion particles are produced. There are cur
rently six Pis commercially available: amprenavir (APV), indinavir (IDV), 
lopinavir (LPV), nelfinavir (NFV), ritonavir (RTV) and saquinavir (SQV). 
New classes of antiretroviral drugs with other mechanisms of action are be
ing developed and tested, e.g. HIV-coreceptor and HIV-fusion inhibitors. 

3.2 Phosphory la t ion of nucleoside ana logues 

As described in section 3.1, all NRTIs require intracellular phosphorylation 
to exert antiretroviral activity.52 One of the most critical factors that deter-
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mine the antiretroviral potency of NRTIs is the ratio of ddNTP to its com
peting dNTP. Divergent phosphorylation properties of the various NRTIs 
make that the potency of a given NRTI depends on the state of activation of 
the target cell. The thymidine analogues ZDV and d4T are monophospho-
rylated by thymidine kinase, a cell cycle-dependent S-phase enzyme.53-55 As a 
consequence, ZDV and d4T are predominantly active in activated cells.52-50 

The cytidine analogues 3TC and ddC are monophosphorylated by deoxycyti-
dine kinase.52-54-57 The activity of this enzyme is largely activation-
independent, and ddNTP/dNTP ratios are increased in resting cells compared 
with activated cells.56 Therefore, these cytidine analogues are predominantly 
active in resting cells, such as macrophages, monocytes and resting lympho
cytes.52 Also, the adenosine analogue ddl has increased ddNTP/dNTP ratios 
in resting cells and is therefore predominantly active in resting cells.52"54'50 In 
contrast to ddl, the phosphorylation of cytidine analogues can further be en
hanced upon cell activation.5'5 In the case of 3TC, ddNTP/dNTP ratios in 
resting cells were just two-fold higher than in activated cells, whereas for ddl 
ddNTP/dNTP ratios in resting cells were 15.8-fold higher than in activated 
cells.50 ABC is phosphorylated to carbovir triphosphate by the only recently 
discovered enzyme adenosine phosphotransferase.58 

Differences in potency between NRTIs are further explained by differences in 
ability to inhibit syncytium-inducing (SI) versus non-syncytium-inducing 
(NSI) HIV-1 variants. For example, 3TC showed a similar potency in inhib
iting viral replication of SI and NSI HIV-1 variants in contrast to ZDV and 
ddl.59 '60 This was explained by the finding that the p-chemokine receptor 
CCR5 functions as coreceptor for all NSI HIV-1 variants, whereas SI HIV-1 
variants can also use the a-chemokine receptor CXCR4.01"0'5 CXCR4 is ex
pressed predominantly on resting/naive T lymphocyte subsets, whereas the 
expression of CCR5 is low on quiescent T cells.04 As a consequence, ZDV is a 
less efficient inhibitor of SI HIV-1 variants, and ddl is a less efficient inhibi
tor of NSI HIV-1 variants.60 

3.3 Drug transporters 

P-glycoprotein (P-gp) is an energy-dependent efflux pump of various hydro
phobic drugs and belongs to the ATP binding cassette (ABC) family of drug 
transporters.65 '66 P-gp is expressed at the luminal side of the cells lining the 
gastrointestinal tract (jejunum, ileum, and colon), the biliary canalicular sur
face of hepatocytes, and on the apical surface of small biliary ductules.67 In 
the kidney P-gp is localised on the apical surface of the epithelial cells of the 
proximal tubules.67 In the adrenal glands P-gp is expressed on the surface of 
cells in medulla and cortex, and in the pancreas on the apical surface of the 
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epithelial cells lining the small ductules.67 In blood P-gp is expressed at high 
levels on CD4+, CD8+, CD16+ (natural killer (NK) cells), CD19+ (B lympho
cytes), CD20+ (B lymphocytes), CD56+ (NK cells), but not on CD 14+ (mono
cytes) and CD15+ (granulocytes) cells.6871 One of the most interesting locali
sations for P-gp is the luminal surface of capillary endothelial cells of the 
blood-brain barrier, the blood-testis barrier, and the placenta.G772-74 The mul
tidrug resistance 1 (MDR1) gene encodes P-gp. Several polymorphisms have 
been discovered and therefore P-gp has variable expression in the population. 
The function of P-gp has been thoroughly investigated in oncology because of 
its ability to induce resistance to anti-cancer drugs. 

The clinical importance of P-gp function in HIV therapy has only recently 
been recognised and P-gp may play a role in creating anatomical reservoirs 
for HIV by pumping drugs out of the central nervous system (CNS), the male 
genital tract, and limiting oral availability.75'76 The Pis NFV, SQV, IDV, RTV 
and APV are P-gp substrates.7583 The plasma concentrations of NFV, SQV, 
and IDV after oral administration were 2-5-fold higher in Mdrla deficient 
mice than in wild-type mice, suggesting that intestinal P-gp activity limits 
the oral availability of these drugs.75'84 Also, the penetration of NFV, SQV, 
and IDV into the CNS increased 7-, 10-, and 36-fold, respectively, in Mdrla 
knockout mice compared to wild-type mice, indicating that P-gp activity at 
the blood-brain barrier dramatically reduces penetration of these drugs into 
the brain.75-84-85 In peripheral blood mononuclear cells (PBMC) of HIV-1 in
fected patients the intracellular concentrations of IDV, SQV, RTV, NFV, and 
APV were found to be inversely correlated with the degree of MDR-1 expres
sion.78 It is therefore plausible that in the most important target cells of HIV 
P-gp activity might compromise the response to PI therapy. 

P-gp activity can be inhibited by, for example, quinidine, verapamil, ketaco-
nazole, or cyclosporin, and these compounds might therefore increase oral 
bioavailability and the penetration of Pis into the CNS, the male genital 
tract or into lymphocytes.86'87 NFV, SQV and especially RTV can also inhibit 
p.gp.75-83 Theoretically, combinations of Pis that consist of a P-gp substrate 
and RTV could improve the bioavailability and/or the penetration of the Pis 
into the cellular and anatomical reservoirs for HIV. For instance, the highly 
increased oral availability of SQV when administered in combination with 
RTV might in part be due to inhibition of intestinal P-gp activity by RTV, al
though RTV-mcdiated inhibition of SQV metabolism by the cytochrome P450 
3A4 isoenzyme in the gut wall and liver also plays an important role.88'89 It is 
important to note that many P-gp inhibitors are also substrates and/or in
hibitors of the cytochrome P450 3A4 isoenzyme.90'92 
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In 1992 a second member of the ABC-type multidrug transporter family was 
discovered, the multidrug resistance-associated protein (MRP).03 Currently 7 
individual members of the MRP family have been identified.94 As the first 
MRP, MRP-1, was discovered only 9 years ago, it is not surprising that not 
much is known yet about its clinical relevance in oncology, let alone in HIV 
treatment. In vitro the Pis IDV, RTV, SQV and NFV are MRP-1 and -2 in
hibitors.77-80'81 The closely related MRP-4 and -5 are involved in the energy 
dependent efflux of ZDV (monophosphate) and adefovir.95-96 Further investi
gation of the clinical relevance of the different drug transporter families is 
clearly required. 

3.4 Anatomical r e se rvo i r s 

Sub-optimal penetration of antiretroviral drugs into other compartments 
than the blood can create anatomical reservoirs for HIV. Potential anatomi
cal reservoirs are the CNS, the retina and the male genital tract. In these 
tissues a biological barrier prevents the free exchange of compounds between 
blood and tissue. In the CNS (and the retina), this blood-tissue barrier is 
formed by the brain endothelium, which is connected by extensive and com
plete tight junctions.97 In the testis, the blood-tissue barrier is formed by the 
testis endothelium, which is also connected by tight junctions.9899 The per
meability of these barriers is determined by the difference between influx 
(passive diffusion or carrier mediated transport) and efflux (by drug trans
porters, e.g. P-gp). 

3.4.1 Cen t r a l n e r v o u s system 

Already early after infection HIV-1 can be found in the CNS of HIV-1 in
fected individuals.100'101 HIV gains access to the CNS from the blood stream 
either by direct infection of capillary endothelial cells or, more likely, by mi
gration of infected monocytes/macrophages.102 In the brain the virus is local
ised predominantly in the macrophages and the microglia.103'104 Progress in 
understanding the extent of infection within the CNS has been hampered by 
the obvious difficulty in obtaining brain tissue. Cerebrospinal fluid (CSF) can 
be obtained, but there are uncertainties with regard to the relationship be
tween the level of virus in the CSF and the level of virus in brain paren
chyma.105 A significant correlation between HIV-1 RNA levels in CSF and the 
severity of neurological disease (e.g. HIV-associated dementia and HIV-1 en
cephalitis) has been demonstrated.105-109 
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The CNS is considered a biologically separate compartment, in which the vi
rus may be under other selective pressures than the virus in the blood com
partment, resulting in distinct viral quasispecies populations in the CNS 
compared to the blood, lymph nodes and spleen.110-115 HIV-1 RNA concentra
tions in CSF of untreated HIV-1 infected patients do not necessarily reflect 
plasma HIV-1 RNA concentrations.116118 Further, the penetration of antiret-
roviral drugs into this body compartment may be sub-optimal, as the trans
port of drugs through the blood-brain barrier and the blood-CSF barrier may 
be hampered.97 

The blood-brain barrier is formed by brain capillary endothelial cells that are 
fused together by tight junctions. Drugs can penetrate the blood-brain barrier 
either by passive diffusion or by carrier mediated transport. The major de
terminants of passive diffusion through the brain endothelial are lipid solu
bility, molecular weight and plasma protein binding of the drug.119121 

CNS penetration is linearly related to the lipid solubility divided by the 
square root of the molecular weight. Substances with a molecular weight 
above 500 Da are often considered physically unable to cross the cell mem
brane.120 The oil/water partition coefficient (K) is a measure of lipid solubility 
of a neutral compound.122 For acids and bases, lipid solubility is further de
termined by their degree of ionisation, which is pH dependent. For this rea
son, the partition coefficient of such compounds must be determined at 
physiologic pH. There is a hypothetical bell-shaped relation between the 
ability of a drug to diffuse across a membrane and its lipid solubility. Only 
drugs with some degree of lipophilicity and hydrophilicity can partition into 
and out of biological membranes. The diffusion of several antiretrovirals 
across bovine brain endothelial cells has been studied, and NVP was found to 
be moderately lipophilic and most permeable, whereas the NRTIs (ddl, d4T, 
ddC and ZDV), although similar to NVP in size and molecular weight, were 
more hydrophilic and less permeable.123 The Pis IDV, SQV and APV were 
more lipophilic and therefore also less permeable than NVP.123 

Several lipid-insoluble molecules, such as glucose, are actively transported 
trough carrier systems located in the blood-brain barrier.124'125 

The plasma protein binding determines the amount of drug that is available 
to cross cell membranes. In general, the driving force for diffusion of a com
pound into tissue or body fluids is the concentration gradient. When a signifi
cant fraction of a compound is tightly bound to plasma proteins, the concen
tration gradient is determined by the concentration of unbound drug. Only 
unbound drugs are small enough to cross biological membranes. The plasma 
protein binding of antiretroviral drugs ranges from <5% (ddl, d4T, and ddC) 
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to >95% (RTV, SQV, NFV, APV, and EFV).97-98 Physicochemical parameters 
of currently available antiretroviral drugs are described in Table 1. 

The permeability of the blood-brain barrier is finally determined by the ratio 
of the transfer constants (k) for influx and efflux. If these transfer constants 
are equal, free concentrations within plasma and brain tissue will eventually 
become equal in a steady-state situation. Because actual CSF concentrations 
are also dependent on efflux, differences between influx and efflux may ex
plain discrepancies between CSF concentrations and lipid solubility of a 
compound. For example, P-gp is responsible for actively pumping back large 
(> 500 Da), lipid-soluble compounds into the blood, thereby preventing their 
penetration into the brain tissue (see section 3.3). The Pis are a substrate for 
P-gp (see section 3.3) present in the blood-brain barrier.75,84,85 An active ef
flux transport system in both the blood-brain barrier and the blood-CSF bar
rier has also been demonstrated for ZDV, ddl, and probably d4T.126129 

The blood-CSF barrier is formed by the choroid plexuses and the arachnoid 
membrane. The arachnoid membrane has a merely passive role, whereas the 
choroid plexuses actively regulate the composition of the CSF. Adjacent cho
roid epithelial cells are sealed together by tight junctions and these form the 
anatomical basis of the blood-CSF barrier. One side of the epithelial cell is in 
contact with the blood, and the opposite side is in contact with the CSF in the 
ventricles. The most important function of the choroid plexuses is the produc
tion of the CSF. The total volume of the CSF (140 mL) is replaced 4-5 times 
daily. The permeability of the blood-CSF barrier is also defined by the ratio of 
the transfer constants (k) for influx and efflux of a compound. Active influx 
and efflux transport systems are present in the blood-CSF barrier.121 

CSF concentrations of the NRTIs ZDV, d4T, 3TC, and ABC, the NNRTIs 
NVP and EFV, and the Pis IDV, LPV and APV may be in the therapeutic 
range (Table I).97,ii8,i30-i36 However, CSF concentrations of the NRTIs ddl 
and ddC, and the Pis RTV, SQV and NFV appear to be lower than desired or 
undetectable (Table l).9~,i3i,137-140 Lo-w plasma concentrations of various 
antiretroviral agents (e.g. IDV, SQV, NFV, NVP and EFV) have been demon
strated to relate to virological treatment failure,141-145 and sub-optimal 
antiretroviral drug concentrations in the CNS could allow continuing produc
tion of HIV-1 and the emergence of drug-resistant HIV-1 strains, despite 
adequate plasma drug concentrations and systemic virological effi
cacy. 110,138,146 
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The interpretation of drug concentrations in the CSF is difficult. First of all, 
in most studies the ratio between drug concentrations measured in a single 
CSF and plasma sample is taken as a measure of drug exposure in the CSF, 
without taking into account the time of sampling after drug ingestion. This is 
not accurate, because CSF: plasma ratios tend to increase during the dosing 
interval as a result of the relatively large fluctuation of drug concentrations 
in plasma and the more stable drug concentrations in the CSF.118'147'148 

Therefore, at the time of the maximum drug concentration in plasma the 
CSF:plasma ratio is lower compared to the time of the minimum drug con
centration in plasma. The gold standard for drug entry is considered the ratio 
of the area under the concentration versus time curves (AUC) in CSF and 
plasma. The AUC reflects the exposure to a drug during the full dosing inter
val. However, it is not feasible to perform several lumbar punctures on one 
day to calculate the AUC in CSF. 

Second, the protein binding of the drug should be taken into account. For ex
ample, the free and pharmacologically active fraction of a drug that is 99% 
bound to plasma proteins is only 1% of the reported total drug concentration. 
A compound in the CSF is largely available as unbound drug, as the CSF has 
a relatively low protein concentration. Therefore, absolute drug concentra
tions in CSF should be reported rather than CSF: plasma concentration ra
tios, and ideally these concentrations should be compared with the in vitro 
median inhibitory concentration (IC50).131 

Finally, replication of HIV-1 is thought to take place in brain tissue rather 
than in the CSF and drug concentrations in the CSF do not necessarily re
flect brain tissue concentrations. CSF is an aqueous medium, and it might be 
that highly lipophilic drugs are trapped in the brain tissue consisting of pro
teins and fat. In that case, low CSF concentrations do not indicate poor drug 
penetration into the CNS. However, treatment with a combination consisting 
of RTV and SQV, both lipophilic compounds with undetectable concentrations 
in the CSF, indeed did not result in clearance of HIV-1 RNA in the CSF.139 

3.4.2 Male genital tract 

HIV-1 spreads primarily from HIV-1 infected men to their sexual partners 
via contact with infected semen.149150 The cellular fraction of semen contains 
spermatozoa, immature germ cells, leukocytes (lymphocytes, granulocytes, 
and macrophages), and epithelial cells. HIV can be detected in lympho-
cytes/macrophages and in cell free seminal plasma.151153 The origin of the in
fected leukocytes remains unclear. Acute inflammation of the genital tract is 
associated with an increased number of leukocytes in semen, and this facili
tates HIV transmission.154156 In the absence of inflammation the origin of the 
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leukocytes in semen is less clear. Vasectomy decreases, but does not elimi
nate, the appearance of leukocytes, including HIV-1-infected cells, in semen 
suggesting that cells do not solely originate from the testis and epididymis.157 

This is supported by in situ hybridisation studies localising HIV-1 infected 
leukocytes to the prostate as well as to the seminiferous tubules, the intersti-
tium of the testis, and the epididymal epithelium and stroma.152 The penile 
urethra could also contribute substantial numbers of leukocytes to the semen 
cellular compartment.158 

By means of electron microscopy and in situ PCR HIV-1 has also been found 
to be associated with sperm cells,159161 although this is a controversial issue 
as in other studies HIV provirus could not be detected in motile sperm 
cells.151'153-162 Moreover, the fact that more than 1400 artificial insemination 
procedures with processed sperm from men with HIV did not result in 
transmission of HIV indicates that the motile sperm fraction from semen is 
not likely to transmit the virus.163 

Like the CNS, the male genital tract is considered an anatomical reservoir in 
which HIV may be subject to unique selective pressures, resulting in distinct 
viral quasispecies populations in the male genital tract compared to the 
blood.164'165 The penetration of antiretro viral drugs into this body compart
ment may also be sub-optimal, because of the blood-testis barrier, which is 
formed by tight junctions between testicular (and perhaps prostatic and ve
sicular) endothelial cells. Drugs can penetrate into the male genital tract ei
ther by passive diffusion or by carrier mediated transport. The major deter
minants of passive diffusion through the blood-testis barrier are the degree of 
ionisation, lipid solubility, molecular weight and plasma protein binding of 
the drug.119166 The degree of ionisation of the drug is dependent on its disso
ciation constant (pKa), which defines the pH at which equimolar concentra
tions of non-ionised (neutral) and ionised forms of a compound exist, and the 
pH of its environment.98 Weak acids become ionised with increasing pH, and 
weak bases become ionised with decreasing pH. As non-ionised compounds 
diffuse more readily across lipid barriers, weak acids are more likely to cross 
these barriers when the pH of the fluid (e.g. blood plasma) is less than the 
pKa of the compound, whereas weak bases are more likely to cross lipid bar
riers when present in an environment with a pH greater than its pKa. Addi
tionally, ion-trapping mechanisms will cause acidic compounds to accumulate 
in alkaline compartments, and basic compounds to accumulate in acidic com
partments. In contrast with the CSF (pH 7.3-7.4)"37, ion-trapping of basic 
compounds may be important in the male genital tract, since the pH of blood 
plasma (pH 7.4) is higher than the pH of prostatic fluid (pH 6.5).166 The pH 
gradient between blood plasma and vesicular fluid (pH 7.4 versus pH 7.8) is 
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less. It is therefore unlikely that there will be significant ion trapping for any 
drug in the seminal vesicles. 
As described in the previous section, the oil/water partition coefficient (K), 
molecular weight and the plasma protein binding of a compound also deter
mine the extent of passive diffusion across the blood-testis barrier. Similar to 
the blood-brain barrier, P-gp is also present at the blood-testis barrier and is 
responsible for actively pumping back large (> 500 Da), lipid-soluble com
pounds into the blood, thereby preventing their penetration into the male 
genital tract (see section 3.3).84'85 

Data available on drug concentrations in semen show that the penetration of 
the Pis NFV, RTV and SQV is poor (Table I).i40,i68-i70 The nucleoside ana
logues ZDV, d4T and 3TC, the non-nucleoside analogue NVP and EFV, and 
the Pis IDV and APV penetrate well into the male genital tract (Table 
1)130,170-177 

Sub-optimal antiretroviral drug concentrations in the male genital tract 
could allow continuing production of HIV-1 and the emergence of drug-
resistant HIV-1 strains, despite adequate plasma drug concentrations and 
systemic virological efficacy.173'178180 

Similar to the CSF, there are several factors making the interpretation of 
drug concentrations in seminal plasma difficult. First of all, in most studies 
the ratio between drug concentrations measured in a paired semen/plasma 
sample is reported, without taking into account the time of sampling after 
drug ingestion and possible differences between the two compartments in 
drug elimination. It is largely unknown whether drug concentrations in 
seminal plasma vary during a dosing interval. For ZDV and 3TC little vari
ability in seminal plasma concentrations was observed between dosages, 
whereas NVP and APV concentrations in seminal plasma showed a similar 
pharmacokinetic profile as observed in blood plasma, with varying concentra
tions during the dosing interval.171174'176 Therefore, it is in general not accu
rate to use seminal plasma/blood plasma ratios to describe drug exposure in 
the male genital tract, because these ratios may change in time due to differ
ent shapes of the concentration versus time curves in blood plasma and 
seminal plasma. 
Furthermore, the human ejaculate is composed of secretions from the testis 
(10% of ejaculate volume), the prostate (20-30% of ejaculate volume), and the 
seminal vesicles (50-70% of ejaculate volume), all of which have their own 
physiological characteristics.98 For instance, in the prostate a pH-dependent 
trapping mechanism has been described for antibiotics.181 Therefore, the final 
concentration of a drug in the ejaculate does not necessarily reflect the con-
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centration of the drug in the various compartments of the male genital tract. 
Drug concentrations in the various parts of the male genital tract can be 
studied using the so-called split ejaculate technique (see Chapter 5).182 

Finally, the protein binding of a drug in seminal plasma, which is expected to 
be the same as in blood, should be taken into account when interpreting 
measured concentrations of antiretroviral drugs. Also, because current 
antiretrovirals act intracellularly, data regarding intracellular drug concen
trations, especially concentrations of the NRTI-triphosphates, would provide 
additional information. 

4. Reservoir of latently infected resting memory CD4+ T cells 

Using mathematical modelling of HIV-1 RNA decay curves Perelson and col
leagues estimated that the second phase of viral decay extrapolates to zero 
residual infected cells in two to three years of completely suppressive antiret
roviral therapy (see section 2).35 In these models it is assumed that combina
tion therapy completely suppresses viral replication and that there are no 
cells or viral reservoirs that decay more slowly than the second phase, and 
that there are no sanctuary sites which are impenetrable by some or all of 
the antiretroviral drugs (see section 3).35 However, in 1997 three research 
groups described a pool of resting memory CD4+ T cells harbouring replica
tion competent virus, despite prolonged antiretroviral therapy with suppres
sion of plasma HIV-1 RNA levels below 50-200 copies/mL.183186 Such cells 
could be demonstrated in all patients studied. Upon in vitro stimulation us
ing a combination of cytokines, these resting cells could produce replication 
competent virus.187 This pool of latently infected resting CD4+ T cells may be 
responsible for a third phase of decay in treated patients which indicates that 
viral eradication is not possible within a time frame of two to three years 
(Figure 1). 

HIV-1 can establish a state of latent infection in resting CD4+T cells through 
two mechanisms.188 When productively infected CD4+ T lymphocytes escape 
both immune effector mechanisms and the cytopathic effects of the virus, 
they can revert to a resting memory state, in which there is no viral replica
tion and no or little expression of viral genes, thereby escaping viral cyto
pathic effects and host cytolytic effector mechanisms.189 These memory cells 
have integrated HIV-1 provirus in their genome and are thus said to be in 
the post-integration phase of latency.186'190 

Recently, naive CD4+ T cells harbouring integrated replication competent vi
rus have been described.191-192 An in vivo study demonstrated that latently 
infected naive CD4+ T cells were generated during thymopoiesis, and were 
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subsequently exported to the periphery, where viral expression could be in
duced following T-cell receptor stimulation.191 

A distinct form of latency, called pre-integration latency, arises when resting 
CD4+ T cells are infected with HIV-1.193 CCR5-utilising viruses can enter the 
subset of resting memory CD4~ T cells that express sufficient levels of the 
chemokine receptor CCR5.192 In these cells, reverse transcription of genomic 
HIV-1 RNA can proceed to completion, but subsequent steps in the viral life 
cycle do not occur because of a block in nuclear import of the pre-integration 
complex containing the reverse transcribed HIV-1 DNA.194 If resting CD4+ T 
cells in the pre-integration state of latency are activated by an antigen before 
the pre-integration complex becomes non-functional, nuclear import and pro
ductive infection will occur.193195'196 This pre-integration form of latency ap
pears to be relatively labile, and cells harbouring these pre-integration com
plexes decay with a half-life of * 6 days.197 

In asymptomatic HIV-1 infection, the total number of resting CD4+ T cells 
with integrated HIV-1 DNA was measured to be a minute fraction of the 
whole resting CD4+ T cell population (<0.05% * 107 cells).180'198 These num
bers were determined using an inverse polymerase chain reaction (PCR) as
say that specifically detects integrated HIV-1 DNA by amplifying unique up
stream host genomic sequences.186198 The low frequency may reflect the fact 
that productively infected, activated CD4+ T cells rarely survive both viral 
cytopathic effects and host cytolytic mechanisms long enough to revert to a 
resting state. As would be expected, integrated proviral HIV-1 DNA was pre
sent primarily among resting CD4+ T cells of the memory phenotype, the 
CD45RO+T cells.186 

To determine what fraction of resting CD4+ T cells can be induced to produce 
infectious virus, in quantitative co-culture assays resting CD4+ T cells were 
activated with mitogenic stimuli.180 The frequency of resting CD4+ T cells 
harbouring replication competent virus was found to be very low (7 per 10° 
cells), suggesting that >90% of the integrated HIV-1 DNA as detected by PCR 
is defective.186 

Because the biological function of memory cells is to persist for long periods 
of time, these cells are expected to be long-lived. In treated patients with un
detectable plasma virus levels the mean half-life of the pool of latently in
fected resting CD4T T lymphocytes was calculated to be 6 to 43.9 months, 
leading to a theoretical time for eradication of HIV by antiretrovirals alone of 
10 to 60 years.190'200 The difference in decay rate was attributed to differences 
in suppression of viral replication, since individuals who experienced epi
sodes of plasma viremia had a slower decay rate of their cellular reservoir.201 
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The initiation of a three-drug regimen as early as 10 days after the onset of 
symptoms of a primary HIV-1 infection could not prevent the establishment 
of a pool of latently infected resting CD4+ T lymphocytes, despite successful 
suppression of plasma viremia.202 

Finally, the reservoir of latently infected resting CD4+ T cells has also been 
detected in children with perinatally acquired HIV-1 infection, who achieved 
durable suppression of viral replication during antiretroviral therapy.203 Al
though children are establishing their immunity with increasing numbers of 
memory cells, the fraction of these cells that harbour replication competent 
HIV-1 does not appear to be significantly higher than in adults. The decay 
rate of the latent reservoir in a small group of perinatally HIV-1 infected 
children is similar to the decay rate observed in adults. 

It is important to realise that the decay rate of this cellular reservoir cannot 
be properly assessed unless it is certain that viral replication has been com
pletely stopped by the antiretroviral therapy. Unfortunately, several studies 
have provided evidence that there is residual viral replication during potent 
antiretroviral therapy. 185,200,201,204-225 Unrecognised residual viral replication 
could result in replenishment of the latent reservoir, resulting in underesti
mating the true decay rate of the pool of latently infected cells. 

5. Ongoing low-level viral replication 

In patients on combination therapy with plasma HIV-1 RNA levels below 50 
c/mL, plasma HIV-1 RNA can still be detected using more sensitive tech
niques.210-2n In one study 31 therapy naive, chronically infected patients and 
10 patients with a primary infection were treated for at least 72 weeks with 
combination therapy consisting of three antiretroviral drugs.210 Plasma HIV-
1 RNA levels were measured using a very sensitive assay, with a lower limit 
of quantification of 3 copies/mL. Five of the 10 patients with primary infec
tion, but none of the chronically infected patients maintained their HIV-1 
RNA level at less than 3 copies/mL during the whole study period. Initiation 
of treatment during primary infection and a high baseline CD4+ T cell count 
were associated with a stronger suppression of viral replication. Plasma HIV-
1 RNA levels were also measured with a more sensitive assay in 22 other pa
tients with a sustained suppression of plasma HIV-1 RNA below 50 cop-
ies/mL. In all of these patients, plasma HIV-1 RNA was detectable at levels 
from 5 to 42 copies/mL.211 

The occurrence of occasional "blips" (intermittent low-level viremia) not asso
ciated with pending virological failure, the continued expression of viral RNA 
in lymphoid tissue, and the presence of PBMC-associated unintegrated cir-
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cular forms of HIV-1 DNA or HIV-1 mRNA in a large percentage of patients 
with undetectable levels of plasma HIV-1 RNA also indicate that viral repli
cation is not completely suppressed during triple or quadruple antiretroviral 
drug therapy (Figure 1). 185,200,201,204,200,208-225 i t ls important to realise that low 
level viremia, occasional "blips", and the persistence of virus in tissue do not 
distinguish between virus release by previously infected cells, for example 
latently infected CD4+ T cells that become reactivated, or release from FDC 
in lymphoid tissue, and virus production as a result of new cycles of infection. 
However, the release of virus from FDC in lymphoid tissue might be unlikely, 
as the amount of virus trapped on FDC decreased rapidly upon initiation of 
antiretroviral therapy.36'220 The most convincing evidence for truly ongoing 
"low-level viral replication" is the presence of PBMC-associated unintegrated 
circular forms of HIV-1 DNA and sequence evolution in the viral envelope 
gene in some patients despite sustained undetectable levels of plasma viral 
RNA.200-206'207-215219221-223 To prevent viral resistance and in any attempt at 
viral eradication, an important question is whether intensification of antiret
roviral therapy might reduce this residual viral replication. 

6. The scope of this thesis 

The work described in this thesis involves the issues of anatomical reservoirs 
of HIV-1, the persistence of latently infected resting CD4+ T cells, and ongo
ing "low level" viral replication during potent antiretroviral therapy, as has 
been described in the Introduction (Chapter 1). 
Despite therapeutic drug concentrations in the blood, sub-optimal penetra
tion of antiretroviral drugs into other compartments can create anatomical 
reservoirs for HIV. Potential anatomical reservoirs for HIV are the CNS, and 
the male genital tract. Several studies on the penetration of some of the 
antiretroviral drugs into these anatomical reservoirs are described in Chap
ters 2, 3, and 4. Markers of local inflammation (chemokines) in the CSF 
have been suggested to provide additional information on residual HIV-1 
replication in the brain during antiretroviral therapy. The concentrations of 
soluble tumour necrosis factor (TNF)-receptor (sTNFr)-II and two chemoki
nes in the CSF and blood of patients on three different antiretroviral therapy 
regimens with increasing potency are evaluated in Chap te r 5. 
The persistence of a cellular reservoir, consisting of resting memory CD4+ T 
lymphocytes harbouring replication-competent virus despite prolonged potent 
antiretroviral therapy, represents a major barrier for eradication of HIV. In 
treated patients with undetectable plasma virus levels the mean half-life of 
the pool of latently infected memory CD4+ T lymphocytes was calculated to 
be 6 to 43.9 months, leading to a theoretical time for eradication of HIV by 
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antiretrovirals alone of 10 to 60 years.199'200 One strategy to increase the 
turnover rate of this reservoir might be the activation of these cells. Activa
tion would lead to virus replication within these cells, resulting in cell death. 
The continued presence of antiretrovirals will prevent re-infection of acti
vated cells. Activation might be accomplished by use of OKT3, known to acti
vate T cells through the TCR complex. We performed a pilot study, in which 3 
HIV-1-positive patients were treated with OKT3 and IL-2. Chap te r s 6 and 
7 describe the clinical, virological and immunological results of this approach. 
To prevent viral resistance and in any attempt at viral eradication, an impor
tant question is whether intensification of antiretroviral therapy might re
duce the ongoing low-level viral replication observed during currently used, 
standard of care highly active antiretroviral therapy ("HAART"). In an at
tempt to answer this question we compared, using a modified ultrasensitive 
HIV-1 RNA assay, the degree of viral suppression after three years of ther
apy between a group of patients treated with standard of care therapy and a 
group of patients treated with an alternative multidrug regimen consisting of 
three antiretroviral drug classes. The results are presented in Chapter 8. 
Viral efficacy of available combination antiretroviral therapy decreases be
tween the first and third year of treatment.15 One possible explanation might 
be sub-optimal drug concentrations, due to decreased adherence to antiretro
viral therapy over time or due to a gradual decrease in antiretroviral drug 
concentrations over time despite good adherence. For instance, plasma con
centrations of the PI SQV decreased substantially over time.226 We therefore 
measured drug concentrations of ZDV, d4T, 3TC, ABC and NVP in blood and 
CSF of 15 patients treated with the multidrug regimen during two years of 
follow-up (Chapter 9). 
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Chapter 2 

Abs t r ac t 

Objective Penetration of antiretroviral drugs into anatomical HIV-1 reser
voirs such as the male genital tract and the central nervous system is impor
tant. Data on indinavir (IDV) concentrations in seminal plasma are lacking 
and IDV concentrations in cerebrospinal fluid are at best borderline. 

Design Thirteen patients were treated with zidovudine (or stavudine), lami-
vudine, abacavir, nevirapine (NVP) and IDV (1000 mg three times daily). 
When NVP led to low IDV concentrations, IDV was changed into the combi
nation IDV/ritonavir (RTV) 800/100 mg twice daily to improve the pharma
cokinetic profile of IDV. 

Methods A serum pharmacokinetic profile, a semen sample and a cerebrospi
nal fluid sample were collected at weeks 8, 24, 48 and 72. 

Results Addition of RTV increased the median IDV trough concentration in 
serum from 65 to 336 ng/mL (p=0.005). Median IDV concentration in seminal 
plasma increased from 141 to 1634 ng/mL (P=0.002)(n=9) and in cerebrospi
nal fluid from 39 (n=12) to 104 (n=7) ng/mL (P<0.001). In six patients with 
samples collected both before and after the addition of RTV, the IDV concen
tration in seminal plasma increased 8.2 times (95% confidence interval (CI) 
5.2-11.6), and in cerebrospinal fluid 2.4 times (95% CI 1.8-3.9). 

Conclusions IDV penetrates well into the male genital tract. The addition of 
low-dose RTV not only increases IDV concentrations in serum but also in 
seminal plasma and cerebrospinal fluid, thereby probably improving the po
tency of the regimen in these anatomical HIV reservoirs. Higher serum 
trough levels alone can not sufficiently explain the observed increases in 
seminal plasma and cerebrospinal fluid concentrations. Inhibition of P-
glycoprotein-mediated transport by RTV might be an additional mechanism. 
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I n t r o d u c t i o n 

Combination therapy with nucleoside analogue reverse transcriptase 
inhibitors (NRTIs) and protease inhibitors (Pis) can produce sustained 
suppression of plasma human immunodeficiency virus type 1 (HIV-1) RNA 
concentrations.12 However, the male genital tract and the central nervous 
system (CNS) are considered biologically separate compartments, in which 
the virus may be under other selective pressures than the virus in the 
systemic compartment.36 As a result, HIV-1 RNA concentrations in 
cerebrospinal fluid (CSF) and semen of untreated HIV-1-infected patients do 
not necessarily reflect plasma HIV-1 RNA concentrations.79 Further, the 
penetration of antiretroviral drugs into these body compartments may be 
sub-optimal, as the transport of drugs through the blood-brain barrier or the 
blood-testis barrier may be hampered because of limited lipid solubility, high 
molecular weight, extensive binding to plasma proteins and/or affinity for P-
glycoprotein (P-gp, an ATP-dependent efflux membrane transporter).4-10'11 

The concentrations of the NRTIs zidovudine (ZDV), stavudine (d4T) and 
lamivudine (3TC) in CSF appear to be in the desired range,10 and the 
concentrations of ZDV and 3TC in semen are high.12'13 However, CSF 
concentrations of the Pis ritonavir (RTV), saquinavir (SQV) and nelfinavir, 
appear to be lower than desired or undetectable, and indinavir (IDV) 
concentrations are around the minimal effective concentration (MEC).10-14-17 

The limited data available on drug concentrations in semen show that 
penetration of the Pis RTV and SQV is poor.18 

Low plasma concentrations of IDV are related to virological treatment fail
ure,14 and sub-optimal antiretroviral drug concentrations in the male genital 
tract or the CNS could allow continuing production of HIV-1 and the emer
gence of drug-resistant HIV-1 strains, despite adequate plasma drug concen
trations and systemic virological efficacy.16-19 

In an attempt to increase the potency of a standard triple antiretroviral com
bination we treated patients with a five-drug regimen (ZDV (or d4T), 3TC, 
abacavir (ABC), nevirapine (NVP), and IDV).20 As NVP led to low IDV serum 
concentrations in many patients, presumably due to the ability of NVP to in
duce hepatic metabolism of IDV,21 we added low-dose RTV to this regimen. 
IDV and RTV are primarily metabolised by the cytochrome P450 3A4 isoen
zyme in the gut wall and liver. Inhibition of cytochrome P450 isoenzymes by 
RTV substantially decreases IDV metabolism, resulting in a prolonged elimi
nation half-life and higher serum trough concentrations.22-24 The improved 
pharmacokinetic profile of IDV allows a more convenient twice daily dosing 
regimen and in addition, the effect of food on the oral bioavailability of IDV is 
abolished. 
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We here report the good penetration of IDV into the male genital tract. Fur
thermore, the addition of low-dose RTV not only results in a more favourable 
pharmacokinetic profile of IDV in serum, but also results in a significant in
crease in IDV concentrations in seminal plasma and CSF, thereby probably 
improving the potency of the regimen in these anatomical HIV reservoirs. 

Mate r i a l s a n d Me thods 

Patients 
Thirteen HIV-1-infected men, aged 28-57 years, were treated with 300 mg 
ZDV twice daily (or 40 mg d4T twice daily), 150 mg 3TC twice daily, 300 mg 
ABC twice daily, 200 mg NVP twice daily (or 400 mg daily, after a 2-week 
lead-in of 200 mg daily), and 1000 mg IDV three times a day. Only one pa
tient was not therapy naive at start of therapy. 
A serum pharmacokinetic profile was obtained at weeks 8, 24, 48, 72 and 96. 
Blood was collected prior to drug administration (t=0h) and at 1, 2, 4, 6, 8 
and 10 h thereafter. Serum was obtained by centrifugation at 4°C for 20 
minutes at 1600 g. 
In patients with sub-optimal IDV trough concentrations (<100 ng/mL14), low-
dose RTV was added. Initially, IDV was changed into the combination of 800 
mg three times daily plus 100 mg RTV twice daily (n= 4). Further evaluation 
revealed that the combination 800 mg IDV plus 100 mg RTV administered 
twice daily also produced the desired IDV concentrations.24 Therefore, when 
trough levels allowed it, in subsequent patients (n=5) the 1000 mg IDV three 
times daily was changed into the 800 mg IDV plus 100 mg RTV twice daily 
regimen, as well as in one patient using the combination 800 mg IDV three 
times daily plus 100 mg RTV twice daily. 

In two other patients the original dosing regimen of 1000 mg IDV three times 
daily was changed before reaching week 8. In one patient NVP was stopped 
because of hypersensitivity reactions and IDV was decreased to 800 mg three 
times daily after the first week, and in one patient IDV had already been 
changed into 800 mg IDV three times daily plus 100 mg RTV twice daily at 
week 7. 

A CSF sample was collected 1 h after taking the drugs, at weeks 8, 24, 48 
and 96. The same day, semen samples were obtained by masturbation at the 
end of the dosing interval. All semen samples were processed within 2-4 h af
ter collection. 

Semen samples were centrifuged at 1200g for 10 min to obtain seminal 
plasma. A minimum of 0.5 mL seminal plasma was required for pharmacoki
netic analysis, which could not be obtained from all patients at all required 
time points. All samples were stored at -70°C until analysis. 
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The study was approved by the Medical Ethics Committee of our hospital and 
informed consent was obtained from all patients. 

Assays 

HIV-1 RNA in plasma and CSF 
HIV-1 RNA concentrations in EDTA plasma were measured using the Nu-
cliSens HIV-1 QT assay (Organon Teknika, Boxtel, The Netherlands). When 
RNA concentrations decreased to below 50 copies/mL (1.7 logio copies/mL),20 

an initial input volume in the assay of 2 mL plasma was used combined with 
the ultrasensitive protocol adaptation, resulting in a lower quantification 
limit of 5 copies/mL (0.7 logio copies/mL). 
HIV-1 RNA in CSF was measured using the NucliSens HIV-1 QT assay with 
an input volume of 2 mL, resulting in a lower cut-off concentration of 40 cop-
ies/mL (1.6 logio copies/mL). 

Bioanalysis of IDV in serum, seminal plasma and CSF 
IDV concentrations in serum and CSF were measured using high-
performance liquid chromatography.25 IDV concentrations in seminal plasma 
were assessed using reversed-phase high-performance liquid chromatography 
after 1:1 dilution with blank human heparinised plasma.26'27 The lower limit 
of quantification of both assays was 25 ng/mL. 

Pharmacokinetic analysis 
The serum concentration (C) versus time (t) data were analysed by non-
compartmental methods.28 The highest observed serum concentrations were 
defined as peak concentrations (Cmax), with the corresponding sampling time 
as tmax. The values for Csh and Ci2h were defined as trough concentrations 
(Cmin) in the three-times-daily and twice-daily regimens, respectively. The 
terminal, log-linear period (log C versus t) was defined by the last data points 
(n>3) by visual inspection. The absolute value of the slope (p/2.303) was cal
culated by least squares analysis. The IDV serum concentration at 12h after 
ingestion of the drugs was calculated using the equation Ci2h=Csh * e-p<tl2-t8>. 
The area under the serum concentration versus time curve from 0 to 8 h 
(AUC[o-8h]) for the three-times-daily regimen was obtained using the trape
zoidal rule from 0-8 h. For the twice-daily regimen, the AUC [o-i2h] was calcu
lated by applying the trapezoidal rule from 0 until 12 h. Finally, the AUC [o-
24h] was calculated by multiplying the AUC [o-i2h] of the twice-daily regimen or 
the AUC [o-8h] of the three-times-daily regimen by either 2 or 3, respectively. 
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Statistical analysis 
Median HIV-1 RNA concentrations in plasma and CSF were determined at 
baseline, weeks 8 and 48, and median CD4T and CD8+ T cell counts were de
termined at baseline. For the pharmacokinetic analyses, we took for every 
patient the latest time point at which they did not take RTV and the first 
time point at which they did take the combination IDV/RTV. Differences be
tween IDV concentrations with and without RTV were evaluated using the 
Wilcoxon rank-sum test. In patients with both observations available we cal
culated the ratio of the IDV concentration in seminal plasma and CSF with 
and without RTV. Spearman's p was used to determine correlation coeffi
cients. To further investigate the relationship between serum drug concen
tration and drug concentrations in seminal plasma or CSF, serum Cmin, Cmax 
and AUC were related to the measured drug concentrations in seminal 
plasma and CSF using linear regression analysis. 

Resu l t s 

The median baseline HIV-1 RNA concentration in plasma was 4.9 logio cop-
ies/mL (interquartile range (IQR) 4.8-5.2 logio copies/mL) and in CSF (n=8) 
3.6 logio copies/mL (IQR, 2.8-4.9 logio copies/mL). At week 8 the median HIV-
1 RNA concentration in plasma was 2.3 logio copies/mL (IQR, <1.7 to 2.7 logio 
copies/mL) and in CSF <1.6 logio copies/mL (IQR, <1.6 to 1.8 logio copies/mL) 
(n=8) and at week 48 the median HIV-1 RNA concentration in plasma was 
<0.7 logio copies/mL (IQR, <0.7 to <0.7 logio copies/mL) and in CSF <1.6 logio 
copies/mL (IQR, <1.6 to <1.6 logio copies/mL) (n=8). Median baseline CD4+ 

and CD8+ T cell counts were 340/mm3 (IQR, 130-450/mm3) and 1200/mm3 

(IQR, 590-1790/mm3), respectively. 

Steady-state IDV concentrations in serum were measured in the 11 patients 
using 1000 mg IDV three times daily and in one patient using 800 mg IDV 
three times daily (without NVP). The median (IQR) IDV serum trough con
centration was 65 ng/mL (49-100 ng/mL) and the median serum peak con
centration was 8199 ng/mL (6749-9802 ng/mL). The median (IQR) IDV 
trough concentration in serum increased to 336 ng/mL (143-861 ng/mL) after 
the addition of 100 mg RTV twice daily (P=0.005) (Figure la), whereas me
dian serum peak concentrations remained unchanged (8259 ng/mL, (6165-
9435 ng/mL); P=0.8). The median values for the serum pharmacokinetic pa
rameters of the various dosing regimens of IDV are shown in Table 1. 
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Table 1 Pharmacokinetic parameters of indinavir (IDV) in serum during therapy with IDV 

alone or in combination with ritonavir (RTV). 

Dosing Regimen „ _ _ 

Pharmacokinetic 1000 mg IDV tida 800 mg IDV tid + 800 mg IDV bid + 

parameter 100 mg RTV bid 100 mg RTV bid 

No. of patients 12 4 6 

C,n.n(ng/mL)b 65(49-100) 884(833-1190) 152(67-331) 

Cmax(ng/mL)b 8199(6749-9802) 7396(6419-8375) 8918(6041-9795) 

AUC [o-8h] (h.ng/mL)b 16474(13624-19481) 29035(25559-30496) NA 

AUCio.i2h)(h.ng/mL)b NA NA 30121(24352-38438) 

AUC [o-24h] (h.ng/mL)b 49422(40873-58442) 87105(76677-91488) 60242(48704-76876) 
a including one patient treated with 800 mg IDV three times daily without nevirapine. b All 

values are medians (interquartile ranges), tid, three times daily; bid, twice daily; Cmin, serum 

trough concentration; Cmax, serum peak concentration; AUC, area under the serum concen

tration versus time curve; NA, not applicable. 

The median (IQR) IDV concentration in seminal plasma, collected from eight 
patients receiving 1000 mg IDV three times daily and the patient using 800 
mg IDV three times daily (without NVP), was 141 ng/mL (86-465 ng/mL). 
The combination of 100 mg RTV twice daily with either 800 mg IDV three 
times daily (n=4) or 800 mg IDV twice daily (n=5) increased the median IDV 
concentration in seminal plasma to 1634 ng/mL (1109-2431 ng/mL; P=0.002) 
(Figure lb). 
In six patients with semen samples collected both before and after the addi
tion of RTV, the IDV concentration in seminal plasma increased 8.2 times 
(95% confidence interval (CI) 5.2-11.6) (Figure lb). 

The median (IQR) IDV concentration in CSF, collected from the 11 patients 
receiving 1000 mg IDV three times daily and one patient using 800 mg IDV 
three times daily (without NVP), was 39 ng/mL (27-54 ng/mL). The combina
tion of 100 mg RTV twice daily with either 800 mg IDV three times daily 
(n=3) or 800 mg IDV twice daily (n=4), increased the median IDV concentra
tion in CSF to 104 ng/mL (68-207 ng/mL; P=0.0008) (Figure lc). 
In six patients with CSF samples collected both before and after the addition 
of RTV, the IDV concentration in CSF increased 2.4 times (95% CI 1.8-3.9) 
(Figure lc). 

When all samples were taken into consideration, a correlation was found be
tween serum Cmin and the concentrations of IDV in seminal plasma (p=0.6; 
P<0.01; Figure 2a) and CSF (p=0.6; P=0.01; Figure 2b). No significant 
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F i g u r e 1 (a) Indinavir (IDV) trough concentrations in serum and IDV concentrations in (b) 

seminal plasma (SP) and (c) cerebrospinal fluid (CSF) before and after the addition of rito

navir (RTV). MEC, minimal effective concentration (in vivo)11; LLQ, lower limit of quantifi

cation. , paired samples, regimen changed into 800 mg IDV three times daily + 100 mg 

RTV twice daily; - - - - , paired samples, regimen changed into 800 mg IDV twice daily + 100 

mg RTV twice daily; black inverted triangle, single sample, 1000 mg IDV three times daily; 

open circle, single sample, 800 mg IDV twice daily + 100 mg RTV twice daily; black circle, 

single sample, 800 mg IDV three times daily + 100 mg RTV twice daily. 
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correlation was found between the serum AUC[0-24h] and the concentration of 
IDV in seminal plasma (P>0.1; Figure 2c) or CSF (P>0.1; Figure 2d). 
To investigate whether the introduction of RTV influenced the relationship 
between the IDV concentrations in serum and the concentration in seminal 
plasma or CSF, we performed a linear regression analysis for samples with 
and without RTV. In the two subgroups no relationship was found between 
either the IDV concentration in seminal plasma or CSF and the Cmin, Cmax or 
AUC of IDV in serum (Table 2). 

Table 2 Relationship between indinavir (IDV) Cmax, Cmin and AUQo-2-ih] in serum and IDV 

concentration in seminal plasma or cerebrospinal fluid, in patients using IDV alone or in 

combination with ritonavir (RTV). 

CSP 

CcSF 

Cmax 

AUC[0-24h] 

Cmin 

Cmax 

AUC(0-24h] 

Cmin 

IDV a 

P 
-0.03 

-0.004 

3.4 

-0.001 

0 

0.09 

one 

P 

0.5 

0.6 

0.4 

0.5 

(J. 9 

0.4 

IDV + RTV 

P 

0.4 

0.03 

1 

0.003 

0 

-0.006 

P 

0.3 

0.1 

0.2 

0.8 

0.9 

0.9 

CSP, concentration in seminal plasma (SP); CCSF, concentration in cerebrospinal fluid (CSF); 

Cmax, serum peak concentration; AUC, area under the serum concentration versus time 

curve; Cmin, serum trough concentration. Relationships were calculated using linear regres

sion analysis; CSP = a + p(IDV Cmin, Cmax or AUC in serum); CCSF = a + p(IDV Cmin, Cmax or 

AUC in serum); a, intercept; p, coefficient. 

Discussion 

The male genital tract and the CNS serve as anatomical reservoirs for HIV-1 
during antiretroviral treatment, as the penetration of most Pis into semen 
and CSF is sub-optimal.3410 The limited data available on drug exposure in 
semen show that penetration of the Pis RTV and SQV is poor.18 The few 
available data regarding PI concentrations in CSF also reveal very low or 
undetectable PI concentrations, except for IDV.10'15-17 

The results of this study demonstrated that, in contrast to RTV and SQV, 
IDV penetrates well into the male genital tract, and confirmed the ability of 
IDV to penetrate into the central nervous system.17-18 Inhibition of cyto
chrome P450 isoenzymes by RTV substantially decreases IDV metabolism, 
resulting in a prolonged elimination half-life and improved serum trough 
concentrations.22-24 
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Figure 2 Indinavir (IDV) concentrations in seminal plasma (SP) and cerebrospinal fluid 

(CSF) in relation to the IDV serum trough concentration (Cmin) and area under the serum 

concentration versus curve (AUC[o-2ih]) in serum. Spearman's p was used to determine cor

relation coefficients between serum Cmin and the concentrations of IDV in (a) SP: p = 0.6; 

P<0.01; or (b) CSF: p = 0.6; P=0.01; and between AUC [o-24h] and the concentrations of IDV in 

(c) SP: p =0.2. P>0.1; or (d) CSF: p =0.3; P>0.1. Black inverted triangle, 1000 mg IDV three 

times daily; open circle, 800 mg IDV twice daily + 100 mg RTV twice daily; black circle, 800 

mg IDV three times daily +100 mg RTV twice daily. 

Apart from the expected increase of IDV trough concentrations in serum, the 
addition of low-dose RTV resulted in a significant increase in the absolute 
concentrations of IDV in seminal plasma and CSF. In six patients with sam
ples collected both before and after the addition of RTV, the IDV concentra
tion in seminal plasma increased 8.2 times, and in CSF 2.4 times. 
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The in vitro 95% inhibitory concentration (IC95) of IDV for maximally suscep
tible HIV-strains is in the range of 30-60 ng/mL.29 A retrospective clinical 
study exploring the relationship between IDV concentrations and efficacy 
demonstrated that the minimal effective concentration (MEC) of IDV in se
rum is at least 100 ng/mL.14 The MEC in seminal plasma, assuming the same 
percentage of protein binding in both body fluids, is also estimated to be at 
least 100 ng/mL. The MEC in CSF, adjusted for the low protein concentration 
in CSF, can be estimated to be at least 40 ng/mL. 

The median IDV concentration in seminal plasma before addition of RTV was 
just above the MEC. However, after the addition of RTV the median IDV con
centration exceeded the MEC 16-fold. These substantially higher IDV con
centrations may also have the potential of suppressing virus with moderately 
decreased susceptibility to IDV (for example, a four-fold increase in IC95). The 
median IDV concentration in CSF before the addition of RTV was just around 
the IC95 and the MEC. After the addition of low-dose RTV the median IDV 
concentration in CSF increased to 104 ng/mL, which exceeds the IC95 and the 
MEC. 

Taking all samples into consideration a significant correlation was found be
tween serum C,,,in and the concentrations of IDV in seminal plasma or CSF. 
When a linear regression analysis was performed for samples with and with
out RTV separately, no relationship was found between IDV concentrations 
in seminal plasma or CSF and the Cmin, C,„ax or AUC of IDV in serum. There
fore, RTV appeared to influence the IDV concentrations in seminal plasma 
and CSF, independent from its effect on the IDV serum concentrations. This 
suggests that RTV can influence the blood-brain barrier or the blood-testis 
barrier, in which its effect on P-glycoprotein possibly plays a key role.30-31 

The present study has some limitations. A lumbar puncture was performed 1 
h after the administration of the antiretroviral drugs. Using CSF/ plasma ra
tios to describe CSF penetration is not accurate because these ratios tend to 
change in time due to a different shape of the concentration versus time 
curves in plasma and CSF.10 The AUCcsF/AUCpinsma ratio is considered the 
gold standard for drug entry.32 However, it is not feasible to perform several 
lumbar punctures on one day to calculate the AUC in CSF. As the IDV con
centrations in CSF have been demonstrated to be relatively constant during 
the dosing interval17 it is justified to use drug concentrations measured at 
one fixed timepoint. Furthermore, drug concentrations in semen tend to be 
relatively stable.12'13 So, despite the absence of a paired serum sample and an 
exact time of ejaculation, the drug concentration in a random semen sample 
can be used as a measure of exposure. 
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Human ejaculate is composed of secretions from the testes (10% of ejaculate 
volume), the seminal vesicles (50-70% of ejaculate volume) and the prostate 
(20-30% of ejaculate volume), all of which have their own physiological char
acteristics. For instance, in the prostate, a pH-dependent trapping mecha
nism has been described for antibiotics, which may contribute to the rela
tively high IDV concentrations in seminal plasma.33 Therefore, the final con
centration of a drug in ejaculate does not necessarily reflect the concentration 
of the drug in the various compartments of the male genital tract. For in
stance, drug concentrations in the testes may be lower than those measured 
in seminal plasma. 

Finally, the switch to 800 mg IDV either three times daily or twice daily after 
the addition of 100 mg RTV twice daily was not randomised but based on ob
tained serum trough levels. In the analysis of paired semen or CSF samples 
before and after the addition of RTV a comparable and significant increase in 
IDV concentrations was measured for both dosing regimens. 

All but one patient used NVP. We think that the observations made will also 
hold true for patients without the concomitant use of NVP. NVP induces cy
tochrome P450 enzyme activity whereas RTV has an inhibitory effect on the 
cytochrome P450 enzymes. Without the enzyme induction by NVP,34 the IDV 
serum trough concentrations after the addition of low-dose RTV will be even 
higher, which overall yields higher IDV concentrations in seminal plasma 
and CSF. There are no data suggesting that NVP reverses the effect of RTV 
on P-glycoprotein activity. Finally, the one patient who did not use NVP 
showed increases in IDV concentrations in serum, seminal plasma and CSF 
that were comparable with those seen in the patients who were also using 
NVP. 

The quintuple regimen appeared to be very potent in suppressing viral repli
cation to below the lower limit of detection in both plasma and CSF, with no 
measurable improved suppression of viral replication after addition of RTV. 
The goal, however, is to achieve long term suppression of viral replication in 
all body compartments. It has been demonstrated that a sub-optimal concen
tration of IDV in serum during triple therapy is related to virological treat
ment failure in time.14 The emergence of resistant viruses in the genital tract 
or the CNS due to sub-optimal drug exposure could therefore also result in 
decreasing efficacy of antiretroviral treatment over time, with the subse
quent risk of transmission of resistant viruses.3538 In a quintuple regimen 
with other drugs such as NVP39 which also sufficiently penetrate the CSF 
and male genital tract, the risk of short-term treatment failure might be less. 
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Achieving therapeutic IDV concentrations in the sanctuary sites will be more 
critical in a standard triple therapy, especially when less sensitive HIV-1 
strains are already present. 

In conclusion, the addition of RTV substantially increased IDV concentra
tions in semen and CSF. At the moment two strategies combining IDV with 
RTV are used: either 800 mg IDV plus 100 mg RTV twice daily or 400 mg 
IDV plus 400 mg RTV twice daily. When comparing the efficacy and safety of 
these regimens, drug exposure in semen and CSF should also be taken into 
consideration. 
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Chapter 3 

A b s t r a c t 

Background Limited data are available on antiretroviral drug concentrations 
in seminal plasma (SP) during a dosing interval. Further, since human 
ejaculate is composed of fluids originating from the testis, the seminal vesi
cles and the prostate, all having different physiological characteristics, drug 
concentrations in total SP do not necessarily reflect concentrations in the 
separate compartments. 

Methods Five HIV-1 infected patients on NVP (200 mg bid) and/or IDV (800 
mg bid + ritonavir 100 mg bid) containing regimens used a split ejaculate 
technique to separate SP in 2 fractions, representing fluids from tes-
tis/prostate (first fraction) and fluids from the seminal vesicles (second frac
tion). Split ejaculate samples were provided at 0, 2, 5 and 8 hours after drug 
ingestion, on separate days after 3 days of sexual abstinence. 

Results NVP and IDV showed time-dependent concentrations in SP, with 
peak concentrations in both fractions 2 and 2-5 hours, respectively, after 
drug ingestion. The NVP concentrations were not significantly different be
tween the first and second fraction of the ejaculate at all timepoints meas
ured, and were in the therapeutic range, except for the pre-dose concentra
tion in 2 patients. The median (range) pre-dose IDV concentration in the first 
and second fraction of the ejaculate was 448 (353-1015) ng/mL and 527 (240-
849) ng/mL, respectively (P=0.7). 

Conclusion NVP and IDV concentrations in SP are dependent on the time af
ter drug ingestion. Furthermore, our data suggest that NVP and IDV achieve 
therapeutic concentrations in both testis/prostate and seminal vesicles 
throughout the dosing interval. 
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Introduction 

Penetration of antiretroviral drugs into all body compartments is important 
in the treatment of HIV. The central nervous system and the male genital 
tract are considered anatomical reservoirs for HIV, as the blood-brain barrier 
and the blood-testis barrier may prevent antiretroviral drugs from entering 
these organs. Sub-optimal antiretroviral drug concentrations in the male 
genital tract could allow continuing production of HIV-1 and the emergence 
of drug-resistant HIV-1 strains.1 4 

Data available on drug concentrations in semen show that the penetration of 
the protease inhibitors (PI) nelfinavir, ritonavir (RTV) and saquinavir is 
poor.5'6 The nucleoside analogues zidovudine (ZDV), stavudine (d4T) and 
lamivudine (3TC), the non-nucleoside analogue nevirapine (NVP) and the Pis 
indinavir (IDV) and amprenavir penetrate well into the male genital tract.3'7" 
10 It is largely unknown whether drug concentrations in seminal plasma vary 
during the dosing interval.79 '11 

Further, human ejaculate is composed of secretions from the testis (10% of 
ejaculate volume), the prostate (20-30% of ejaculate volume), and the seminal 
vesicles (50-70% of ejaculate volume), all of which have their own physiologi
cal characteristics.12 Therefore, the final concentration of a drug in the 
ejaculate does not necessarily reflect the concentration of the drug in the 
various compartments of the male genital tract. Drug concentrations in the 
various parts of the male genital tract can be studied using the so-called split 
ejaculate technique.13 The testicular and prostate fluids are discharged first 
during the ejaculatory process, whereas later during the ejaculatory process 
mainly fluids originating from the seminal vesicles are released. 

We evaluated the pharmacokinetic profile of NVP and IDV in seminal 
plasma during the dosing interval. By using the split ejaculate technique, we 
investigated the penetration of NVP and IDV in fluids originating from the 
testis/prostate and from the seminal vesicles. 

Methods 

Patients and study design 

Five HIV-1 infected men, who used NVP and IDV as part of their antiretrovi
ral regimen for at least four weeks, participated in this study. Semen sam
ples were obtained by masturbation. The patients were instructed to collect 
the ejaculate in such a way that the first fraction of the ejaculate was 
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collected into a first sterile container (representing the testis/prostate frac
tion of the ejaculate), and the remaining part of the ejaculate (second frac
tion) into a second container (representing the seminal vesicles fraction). In 
both fractions the concentrations of fructose and spermatozoa were meas
ured. The testis/prostate fraction is characterised by a high spermatozoa con
centration and a low amount of fructose, while the seminal vesicles fraction is 
characterised by a low spermatozoa concentration and a high amount of fruc
tose.13 The patients ejaculated prior to drug ingestion (t=0h) and at 2, 5, and 
8 hours after drug ingestion, on separate days. Patients were instructed to 
have at least 3 days of sexual abstinence before each semen sample was ob
tained. Patients had no signs or symptoms of a genital infection. 
In all patients, several random heparinised blood samples were obtained, al
lowing for comparison with plasma population pharmacokinetics. Plasma 
was isolated by centrifugation for 10 minutes at 1200g, and samples were 
stored at -70 °C until analysis. The study was approved by the local Medical 
Ethics Committee and informed consent was obtained from all patients. 

Assays 

Fructose and spermatozoa concentrations in ejaculate fractions 
All semen samples were processed within one hour after ejaculation. After 
liquefaction, concentration and motility of spermatozoa were assessed in both 
fractions using a Makler counting chamber (Sefi-Medical Instruments, Haifa. 
Israel) and computer-aided sperm analysis equipment (Hobson Tracking Sys
tems, Sheffield, UK). Subsequently the two fractions were centrifuged at 
1200g for 10 minutes to isolate seminal plasma, and 100 uL was used for 
fructose analysis. Fructose concentration was determined using an auto
mated spectrophotometer (Hoffman-La Roche, Basel, Switzerland) at a 
wavelength of 340 nm. Seminal plasma was stored at -20°C until analysis. 

Bioanalysis of NVP and IDV in blood plasma and seminal plasma 
The NVP and IDV concentrations in blood plasma and seminal plasma were 
measured using a high-performance liquid chromatographic (HPLC) proce
dure.1 4 1 5 NVP and IDV concentrations in seminal plasma were assessed after 
1:1 dilution with blank human heparinised plasma. The within- and be
tween-day precision of the NVP assay was less than 4.5% and of the IDV as
say less than 6.2%. 

HTV-1 RNA in blood plasma and seminal plasma 
In patients 027 and 028 the HIV-1 RNA concentration in EDTA plasma was 
measured using the quantiplex bDNA assay (Bayer Corporation, Diagnostics 
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Division Emeryville, CA, USA) with an LLQ of 50 copies/mL. In patients 010, 
014 and 021 the HIV-1 RNA concentration in EDTA plasma was measured 
using the NucliSens HIV-1 QT assay (Organon Teknika, Boxtel, The Neth
erlands). When HIV-1 RNA concentrations decreased to below 50 cop-
ies/mL,16 an initial input volume in the assay of 2 mL plasma was used com
bined with the ultrasensitive protocol adaptation, resulting in an LLQ of 5 
copies/mL. 

HIV-1 RNA concentrations in seminal plasma were measured using the Nu
cliSens HIV-1 QT assay. An input volume of 0.2 mL was used combined with 
the ultrasensitive protocol adaptation,16 resulting in an LLQ of 50 copies/mL. 

Pharmacokinetic analysis 

The seminal plasma concentration (C) versus time (t) data were analysed by 
noncompartmental methods.17 The highest observed concentration in seminal 
plasma was defined as peak concentration (Cmax), with the corresponding 
sampling time as tmax. The concentration in seminal plasma measured prior 
to drug ingestion was defined as trough concentration (Cmin). 

Statistical analysis 

Differences in concentrations of NVP and IDV between the first and second 
ejaculate fraction were tested with the Wilcoxon Signed Ranks test. Statisti
cal significance was defined as P< 0.05. Data were analysed using SPSS 9.0.0 
(SPSS Inc., Chicago, IL). 

Table 1 Patient and treatment characteristics at the time of semen sample 

Patient Therapy Time on this CD4 + T cells 

regimen 

(weeks) (cells/mm3) 

collection 

Blood plasma 

HIV-1 RNA 

(copies/mL) 

010 ZDV, 3TC, IDV, RTV 

014 ZDV, 3TC, ABC, NVP, IDV+, RTV 

021 d4T, 3TC, ABC, NVP, IDV, RTV 

027 d4T, 3TC, NVP, IDV, RTV 

028 d4T, 3TC, NVP, IDV, RTV 

160 

144 

64 

4 

10 

410 

360 

800 

1010 

490 

< 5* 

< 5 

< 5 

< 5 0 

<50 

ZDV, zidovudine 300 mg twice daily (bid); 3TC, lamivudine 150 mg bid; d4T, stavudine 40 

mg bid; ABC, abacavir 300 mg bid; NVP, nevirapine 200 mg bid; IDV, indinavir 800 mg bid; 

IDV+, indinavir 1000 mg bid; RTV, ritonavir 100 mg bid. 

* plasma HIV-1 RNA measured using the NucliSens HIV-1 QT assay (Organon, Teknika, 

Boxtel, The Netherlands)," plasma HIV-1 RNA measured using the quantiplex bDNA assay 

(Bayer Corporation, Diagnostics Division, Emeryville, CA, USA). 
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Resul t s 

The 5 patients had a median CD4+ T cell count of 490/mm3 (range 360-1010 
cells/mm3) and HIV-1 RNA levels in blood were below the LLQ at the time of 
semen sample collection. HIV-1 RNA levels in seminal plasma were below 
the LLQ in 4 patients, whereas the seminal plasma of one patient yielded an 
invalid test result despite repeated testing. Patient and treatment charac
teristics are described in Table 1. 

Split ejaculates 
The patients were able to provide split ejaculate samples at all required time 
points. The median (range) volume of the first and second fraction was 1.2 
(0.3-3.0) mL and 1.6 (0.5-3.1) mL, respectively. The concentrations of fructose 
and spermatozoa in the first and second ejaculate fraction are shown in Fig
ure 1. According to the concentrations of fructose and/or spermatozoa, all 
patients were able to split the ejaculate into a first fraction derived from the 
testis/prostate and a second fraction derived from the seminal vesicles. The 
split ejaculate samples of patient 010 showed no increase in fructose concen
tration, but the spermatozoa concentration decreased significantly between 
the first and second ejaculate fraction, indicating a reliable split-ejaculate 
technique. 

Nevirapine 
Twelve blood plasma samples and 32 split ejaculate fractions of 4 patients 
were available for NVP measurement. The NVP concentrations measured in 
random blood plasma samples of these patients were comparable to concen
trations normally observed in a reference population of HIV-1 infected pa
tients using NVP 200 mg bid (Figure 2a).18 

In both ejaculate fractions we observed NVP peak concentrations in samples 
collected at 2 hours after drug ingestion (Figure 2a). At all timepoints con
centrations in the first and second fraction were not significantly different (in 
all cases P>0.1). 

Indinavir 
Seventeen blood plasma samples and 39 split ejaculate fractions of 5 patients 
were available for IDV measurement (one split ejaculate fraction contained 
insufficient material for analysis). The IDV concentrations measured in ran
dom blood plasma samples of these patients were comparable to concentra
tions normally observed in a reference population of HIV-1 infected patients 
using IDV/RTV 800/100 mg bid (Figure 2b).19 
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Figure 1 Fructose and spermatozoa concentrations in split ejaculate samples at 0, 2, 5, or 8 

hours after drug ingestion. The left circle of each line represents the fructose or spermatozoa 

concentration in the first ejaculate fraction; the right circle represents the fructose or sper

matozoa concentration in the second ejaculate fraction. 

010 

B2 

010 

0 2 5 8 
014 

2 e 200-

i l 

014 

0 J 

20 
1 

i io 
> 
: 5 

0 J 

0 2 5 
021 

0 2 5 
028 

0 2 5 8 
hours after drug ingestion 

3 ^ 

11 

P 
3 ^ 
O _J 

8 C 3 
CS 5 
O </) 

O o 200-1 

« — 

028 

0 2 5 8 
hours after drug ingestion 

65 



Chapter 3 

In both ejaculate fractions we observed IDV peak concentrations in the sam
ples collected at 2 or 5 hours after drug ingestion (Figure 2b). The median 
(range) IDV trough concentration in the first and second fraction of the 
ejaculate was 448 (353-1015) ng/mL and 527 (240-849) ng/mL, respectively 
(Wilcoxon, P=0.7) (Figure 2b). At 2, 5, and 8 hours concentrations in the first 
and second fraction were also not significantly different (in all cases P>0.3). 

Discuss ion 

The results of this study demonstrate that concentrations of NVP and IDV in 
seminal plasma are dependent on the time after drug ingestion, with peak 
concentrations 2 and 2-5 hours after drug ingestion, respectively. This is in 
contrast with previously described relatively stable ZDV concentrations in 
semen.7'11 This pharmacokinetic profile of NVP and IDV indicates that, in 
contrast to cerebrospinal fluid where IDV concentrations are more stable,20 

the concentration of NVP and IDV in a semen sample cannot be used as a 
measure of exposure without taking into account the time of drug ingestion. 
We did not provide seminal plasma/blood plasma ratios as only the absolute 
concentrations of NVP and IDV in seminal plasma are clinically relevant. 

This study confirms previous data describing the good penetration of NVP 
into semen.9 A potential in vivo threshold concentration of NVP is in the 
range of 3.4 ng/mL.21-22 Given the lower protein concentration in seminal 
plasma (35-55 g/L),13 and assuming the same percentage of protein binding in 
blood plasma and seminal plasma (i.e. 60% bound), the free drug available 
for antiretroviral activity exceeded the therapeutic level at all timepoints ex
cept for the pre-dose concentration in 2 patients. 

The minimal effective trough concentration (MEC) of IDV in serum is at least 
100 ng/mL.23 The MEC in seminal plasma, assuming the same percentage of 
protein binding in both fluids (i.e. 60%24), is therefore also estimated to be at 
least 100 ng/mL. The median IDV concentration in both ejaculate fractions 
exceeded this MEC at least 4-5 fold during the whole dosing interval. We 
showed earlier that the addition of RTV to an IDV containing regimen is im
portant as it significantly increases IDV concentrations in seminal plasma, 
from IDV concentrations just above the MEC to IDV concentrations exceed
ing the MEC several fold.10 

66 



Nevirapine and indinavir in semen 

-
S 

"Si 

5000-
-
£ 

•8b 
s 

ft. 
> 
Z 2500 

014 

MEC 

0 2 4 6 8 10 
hours after drug ingestion 

027 

0 2 4 6 8 10 
hours after drug ingestion 

-
! « 
B 

ft, 

• J 

£ „ 

* MEC ft. 

021 

MEC 

i 1 1 1 1 1 

0 2 4 6 8 10 

hours after drug ingestion 

028 

MEC 

0 2 4 6 8 10 
hours after drug ingestion 

F i g u r e 2a Nevirapine (NVP) concentrations in blood plasma and seminal plasma during the 

dosing interval. 

All patients used NVP 200 mg bid; open triangles, NVP concentration in the first ejaculate 

fraction; black circles, NVP concentration in the second ejaculate fraction; asterix, NVP con

centration in a random blood plasma sample; solid hair line, median NVP concentrations 

measured in a reference population of HIV-1 infected patients using NVP 200 mg bid with 

interquartile ranges (IQR) represented as dotted lines;18 MEC, minimal effective concentra

tion of NVP in blood plasma (3.4 ug/mL).21-22 The lower limit of quantification of NVP in 

blood plasma and seminal plasma was 50 and 100 ng/mL, respectively.15 

Both drugs penetrated equally well in testis/prostate and seminal vesicles, as 
indicated by similar drug concentrations in the two ejaculate fractions. The 
split ejaculate technique does not distinguish between fluids derived from the 
testis (10% of total ejaculate volume) and fluids from the prostate (20-30% of 
total ejaculate volume).12 Theoretically, all NVP or IDV measured in the first 
fraction could originate from either the testis or from the prostate. If all NVP 
or IDV originated from the prostate, this would mean that the actual drug 
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1000/100 mg bid; open triangles, IDV concentration in the first ejaculate fraction; black cir

cles, IDV concentration in the second ejaculate fraction; asterix, IDV concentration in a ran

dom blood plasma sample; solid hair line, median IDV concentrations measured in a refer

ence population of HIV-1 infected patients using IDV 800 mg twice daily (bid) plus ritonavir 

(RTV) 100 mg bid with IQR represented as dotted lines;19 MEC, minimal effective concentra

tion of IDV in blood plasma (100 ng/mL).23 The lower limit of quantification of IDV in blood 

plasma and seminal plasma was 25 and 50 ng/mL, respectively.14 
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concentration in the prostate, before dilution with fluids from the testis con
taining no drugs, must be higher than the drug concentrations in the seminal 
vesicles. This might be possible, if the weak bases NVP or IDV would accu
mulate in acidic prostate fluid (pH 6.5). However, the value of the dissocia
tion constant (pKa) of NVP (pKa 2.8) and IDV (pKa 6.2) provides a strong ar
gument against trapping of NVP or IDV in prostate fluid.12 Also, the fact that 
NVP and IDV concentrations are dependent on the time after drug intake 
suggests that accumulation of these drugs in the prostate is unlikely. On the 
other hand, preferential accumulation of these drugs in the fluid from the 
testis is also not very likely considering the presence of the blood-testis bar
rier and the continuous efflux of testicular fluids. Therefore, we hypothesize 
that NVP and IDV concentrations measured in the first ejaculate fraction 
represent actual drug concentrations in both testicular and prostate fluid. 

In conclusion, NVP and IDV concentrations in seminal plasma are dependent 
on the time after drug ingestion. It is therefore not justified to use drug con
centrations of NVP and IDV in a random semen sample as a measure of ex
posure without taking into account the time of drug ingestion. Furthermore, 
our data suggest that NVP and IDV achieve therapeutic concentrations in 
both the testis/prostate and the seminal vesicles. 
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Chapter 4 

Abs t r ac t 

The male genital tract is considered an anatomical reservoir during therapy 
for HIV, as the blood-testis barrier may prevent antiretroviral drugs from en
tering the male genital tract - examples are the protease inhibitors ritonavir, 
saquinavir and nelfinavir. Currently, there are no data available on the 
penetration of the nucleoside analogue abacavir into the male genital tract. 
We show in this report that abacavir penetrates well into the male genital 
tract. 
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Potent antiretroviral therapy can decrease the concentrations of human im
munodeficiency virus type 1 (HIV-l)-RNA in plasma and semen.12 However, 
the decline of HIV-1 RNA concentrations and the evolution of virus in semen 
during therapy can show discordance with plasma, indicating viral compart-
mentalisation.3'4 Poor penetration into the male genital tract by some 
antiretroviral drugs can contribute to the different viral dynamics in this 
compartment.5 Data available on concentrations of the nucleoside analogue 
reverse transcriptase inhibitors (NRTIs) in semen show that zidovudine 
(ZDV), stavudine (d4T) and lamivudine (3TC) penetrate well into the male 
genital tract.6-7 There are currently no data available on the penetration of 
the NRTI abacavir (ABC) into the male genital tract. In this study we inves
tigated the penetration of ABC into the male genital tract. 

Twelve HIV-1 infected men who were treated with ZDV (or d4T), 3TC, ABC 
(300 mg bid), NVP, and IDV participated in this study.8 Patients had no 
signs or symptoms of a genital infection. At weeks 8 and 24 serial blood sam
ples were collected by venapuncture to investigate the pharmacokinetic pro
file of ABC. Serum was obtained by centrifugation at 4°C for 20 minutes at 
1600g. The same day, semen samples were obtained by masturbation 0-2 
hours prior to drug ingestion. Within 2-4 hours after collection, semen sam
ples were centrifugated at 1200g for 10 min to obtain seminal plasma. All 
samples were stored at -70°C until analysis. 

ABC concentrations in blood serum and seminal plasma were measured us
ing a high-performance liquid chromatographic (HPLC) procedure.9 ABC con
centrations in seminal plasma were assessed after 1:3 dilution with blank 
human heparinised plasma. The lower limit of quantification of ABC in blood 
serum and seminal plasma was 20 ng/mL and 60 ng/mL, respectively. The 
study was approved by the local Medical Ethics Committee and informed 
consent was obtained from all patients. 

The serum concentration versus time profiles of ABC are depicted in Figure 
1. ABC peak and trough concentrations (the highest observed concentration 
and the concentration 12 hours after drug ingestion, respectively) in serum 
were not significantly different for weeks 8 and 24 (P=0.3 and P=0.7, respec
tively, Wilcoxon). The median (interquartile range) ABC peak concentration 
was 1223 (925- 2051) ng/mL. Only 5/24 trough concentrations showed detect
able ABC concentrations, with concentrations ranging from 48 to 354 ng/mL. 
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F i g u r e 1 Abacavir (ABC) concentration in seminal plasma and serum. 

Left panel: black circles, ABC concentration in seminal plasma samples 0-2 hours prior to 

drug ingestion, with detectable ABC concentrations in 9/22 semen samples; open circles, 

ABC concentration in seminal plasma samples from 4 patients 2 hours after drug ingestion. 

Right panel: the median (interquartile range) serum concentration versus time profile of 

ABC in 12 HIV-1 infected patients, as measured at weeks 8 and 24. 

For the analysis of ABC in semen, a minimum of 0.5mL seminal plasma was 
required, which could be obtained at 18/24 sample time points. In 8/18 semen 
samples ABC could be detected, with values ranging from 141 to 1819 ng/mL 
(Figure 1). The differences in ABC concentrations in seminal plasma at the 
end of a dosing interval may be explained by individually determined differ
ences in penetration of ABC into the male genital tract, or by differences in 
clearance of ABC from the male genital tract during the dosing interval. In 
order to investigate this, we performed an additional study in which four pa
tients were asked to provide semen samples at 0 and at 2 hours after drug 
ingestion. In only 1/4 semen samples obtained prior to drug ingestion ABC 
could be detected, whereas in all 4 semen samples obtained 2 h after drug in
gestion ABC was detectable, with values of 704, 1339, 1560 and 1851 ng/mL, 
respectively (Figure 1). 

Our data suggest that ABC penetrates into the male genital tract, achieving 
shortly after drug ingestion concentrations that exceed the in vitro inhibitory 
concentration (IC50) for maximally susceptible HIV-strains (70 ng/mL) 10-20 
fold.10 Assuming the same percentage of protein binding in blood plasma and 
seminal plasma (i.e. 50% bound), the free drug concentration available for 
antiretroviral activity still exceeds the IC50 5-10 fold. In 9/22 semen samples 
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obtained at the end of the dosing interval detectable ABC concentrations 
were observed. However, in 13/22 semen samples obtained at the end of the 
dosing interval ABC concentrations were undetectable, indicating that ABC 
can be rapidly cleared from seminal plasma. This is in contrast with seminal 
plasma concentrations of ZDV and 3TC. The concentrations of these drugs 
have been described to be consistently higher than blood plasma concentra
tions throughout the dosing interval, suggesting accumulation in the male 
genital tract.6'7 

In conclusion, these findings show that there are differences in the penetra
tion of NRTIs into the male genital tract. It is important to note, however, 
that the NRTIs are pro-drugs, which exert their antiretroviral activity only 
after intracellular phosphorylation. The concentration of the pro-drug ABC in 
blood serum decreased rapidly between 2 and 4 hours after drug intake, as 
has also been observed for other NRTIs, e.g. ZDV.11 However, the half-life of 
the active triphosphate metabolites of ABC (CBV-TP) and ZDV (ZDV-TP) in 
blood serum has been demonstrated to be relatively long, with therapeutic 
concentrations of CBV-TP and ZDV-TP throughout a dosing interval."1 2 

Since little is known about the phosphorylation of the NRTIs in semen, the 
clinical implications of the penetration of NRTIs into semen are unclear. 
However, we have shown that ABC penetrates into the male genital tract, 
which is a prerequisite for antiretroviral potency in this compartment. 
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Chapter 5 

Abs t r ac t 

Only limited data on cerebrospinal fluid (CSF) HIV-1 RNA responses and 
markers of local inflammation in CSF during antiretroviral therapy are 
available. HIV-1 RNA, soluble tumor necrosis factor (TNF)-receptor (sTNFr)-
II, monocyte chemoattractant protein (MCP)-l, and interferon-y-inducible 
protein (IP)-10 were measured in the peripheral blood and CSF of 26 antiret-
roviral-naive HIV-1-positive patients, who were treated with ritonavir 
(RTV)/saquinavir (SQV; n=5), RTV/SQV/stavudine (d4T; n=8) or zidovudine/ 
lamivudine/abacavir/nevirapine/indinavir (n=13). After 8 to 12 weeks of 
treatment, CSF HIV-1 RNA dropped to <400 copies/mL in 1 of 5 patients in 
the RTV/SQV group, 8 of 8 patients in the RTV/SQV/d4T group, and 9 of 10 
patients in the five-drug group. CSF sTNFr-II and IP-10 levels increased in 
patients with detectable CSF HIV-1 RNA. However, increases in CSF che-
mokine and sTNFr-II concentrations were also observed in some patients 
with good CSF HIV-1 RNA responses. Moreover, CSF MCP-1 concentrations 
increased in the whole population after 2 months of treatment. Ongoing re
sidual HIV replication in the central nervous system, which cannot be de
tected with CSF HIV-1 RNA measurements, may account for this phenome
non. 
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Introduction 

Antiretroviral combination therapy that includes at least one protease inhibi
tor (PI) reduces plasma HIV-1 RNA and thereby AIDS-related morbidity and 
mortality.1-3 The goal of antiretroviral treatment is to produce an as low as 
possible plasma HIV-1 RNA level and maintain that level for as long as pos
sible. However, a low HIV-1 RNA in plasma during antiretroviral therapy 
does not necessarily mean that viral replication is suppressed in the whole 
body. HIV-1 RNA concentrations in other compartments of the body, such as 
the lymph nodes and the male genital tract, may be higher than the HIV-1 
RNA level in plasma.4'5 The central nervous system (CNS) also acts as an 
anatomical reservoir for HIV-1.6 The blood-brain barrier (BBB) may prevent 
certain antiretroviral drugs from entering the CNS.7 Detectable HIV-1 RNA 
in the cerebrospinal fluid (CSF), even while HIV-1 RNA in the peripheral 
blood was below the lower limit of quantification (LLQ), has been described 
in patients who were treated with antiretroviral drugs that do not properly 
penetrate the BBB.8'9 In addition, viral resistance patterns may differ be
tween blood and CSF.10'11 

CSF is the only CNS substrate that can be obtained repeatedly from a live 
patient; however, HIV replication in the brain may not be reflected directly in 
HIV-1 RNA concentration in CSF.12 Inflammatory markers in CSF may pro
vide additional information on HIV-1 replication in the brain. We therefore 
measured soluble tumour necrosis factor (TNF)-receptor (sTNFr)-II, mono
cyte chemoattractant protein (MCP)-l and interferon-y-inducible protein (IP)-
10 concentrations in the CSF and peripheral blood of patients on three differ
ent antiretroviral therapy regimens, which included different numbers of 
drugs that can penetrate the CNS. 

Methods 

Patients 
The Prometheus study and the ERA study were approved by the Institutional 
Review Boards of the participating sites. All participants gave written in
formed consent. 
One baseline and at least one follow-up paired CSF/blood sample was avail
able of 26 HIV-1-infected patients. Thirteen antiretroviral-naive, neurologi-
cally asymptomatic patients participated in the Prometheus study, an open-
label, randomised, controlled, multicentre trial. Patients received either rito
navir (RTV) 400 mg twice daily plus saquinavir (SQV) 400 mg twice daily 
(n=5) or RTV 400 mg twice daily plus SQV 400 mg twice daily plus stavudine 
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(d4T) 40 mg twice daily (n=8).13 As part of a neurological substudy partici
pants volunteered to undergo lumbar punctures at day 0 (before start of 
study medication) and after 12 weeks of treatment. In four patients 
(RTV/SQV arm: n=l ; RTV/SQV/d4T arm: n=3) a third lumbar puncture was 
performed after 48 weeks of treatment. 

Thirteen antiretroviral-naive, neurologically asymptomatic patients partici
pated in the ERA study, an open-label, controlled trial, studying the effect of 
a five-drug regimen in HIV-1-infected patients. All patients started with a 
five-drug regimen (zidovudine (ZDV) 300 mg twice daily/lamivudine (3TC) 
150 mg twice daily/abacavir (ABC) 300 mg twice daily/indinavir (IDV) 1000 
mg three times daily/nevirapine (NVP) 400 mg once daily). Ten patients 
switched from IDV 1000 mg three times daily to IDV 800 mg twice daily plus 
RTV 100 mg twice daily during the study. Seven patients used d4T 40 mg 
twice daily instead of ZDV 300 mg twice daily during (one part of) the study. 
Lumbar punctures were performed at day 0, weeks 8, 24, and in a subgroup 
(n=9) also at week 48. 

Controls 
The serum of 8 healthy laboratory technicians was used as control material. 
CSF that was used as control was obtained from 9 HIV-negative patients, 
who did not have a systemic or CNS infection. 

HIV-1 RNA Quantification 
In the Prometheus study, serum and CSF HIV-1 RNA levels were measured 
using a commercial assay based on polymerase chain reaction (PCR) with a 
variable LLQ (Amplicor HIV Monitor Test, Roche Diagnostic Systems Inc., 
Branchburg, New Jersey, USA). If HIV-1 RNA values were <LLQ, cut-off 
values were used as the individual's HIV-1 RNA value in all analyses. 
In the ERA study, HIV-1 RNA levels in plasma were measured using the Nu-
cliSens HIV-1 QT assay (Organon Teknika, Boxtel, The Netherlands). When 
RNA levels decreased to below 50 copies/mL,14 an initial input volume in the 
assay of 2 mL plasma was used combined with the ultrasensitive protocol ad
aptation, resulting in a LLQ of 5 copies/mL. HIV-1 RNA in CSF was meas
ured using the NucliSens HIV-1 QT assay with an input volume of 2 mL, re
sulting in a lower cut-off level of 40 copies/mL. 

Assays 
sTNFr-II and chemokine measurements 
To determine sTNFr-II levels in serum and CSF, an enzyme-linked immuno
logical binding assay (ELIBA) was used as described previously.15 Reagents 
for sTNFr-II measurements were kindly donated by Hoffmann-La Roche 
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(Basel, Switzerland). Chemokine concentrations in serum and CSF were 
measured by enzyme-linked immunosorbent assay (ELISA). MCP-1 was 
measured using purified monoclonal mouse anti-human MCP-1 (2 jig/mL; 
PharMingen, San Diego, CA, U.S.A.) as coating antibody, biotinylated rabbit 
anti-human MCP-1 (1 ug/mL; PharMingen) as detecting antibody and human 
recombinant MCP-1 (PharMingen) as standard. For determination of IP-10, 
purified monoclonal mouse anti-human IP-10 (4 ug/mL; R&D Systems, Ab
ingdon, UK) was used as coating antibody, biotinylated goat anti-human IP-
10 (50 ng/mL; R&D Systems) as detecting antibody, and recombinant human 
IP-10 (R&D Systems) as standard. Detection limits of the assays were 100 
pg/mL (sTNFr-II), 25 pg/mL (MCP-1) and 75 pg/mL (IP-10), respectively. 

Other measurements 
CD4+ T lymphocytes were measured in peripheral blood using immuno
fluorescence flow cytometry. In the CSF of all ERA and in 8 of 13 Prome
theus-study patients, the protein level and leukocyte cell count were meas
ured. 

Statistical analysis 
A logio transformation was performed on all HIV-1 RNA concentration val
ues. Results are reported as medians and interquartile ranges, if not specified 
otherwise. Kruskal-Wallis and Fisher's exact test were used to compare 
baseline characteristics between the three treatment groups. Median sTNFr-
II and chemokine concentrations of HIV-infected patients and HIV-negative 
controls were compared using Wilcoxon's two-sample test. Spearman's rank 
correlation was performed to explore correlations between baseline charac
teristics. The signed log-rank test was used to test whether significant 
changes occurred over time in concentrations of HIV-1 RNA, sTNFr-II, MCP-
1 and IP-10 concentrations. All P values were two-tailed and were considered 
statistically significant if P <0.05. 

Data were analysed using the SAS software package (version 6.12, SAS Insti
tute, Cary, North Carolina, USA). 

Resul ts 

Baseline characteristics 
Patients were HIV-1 infected and antiretroviral naive. Their median CD4+ T 
cell count was 365/mm3 (range, 10-870 cells/mm3) at baseline. In the 
RTV/SQV and RTV/SQV/d4T groups, 7 of 13 patients had symptomatic HIV-
disease (at levels B or C of the U.S. Centres for Disease Control and Preven
tion scale) compared with 1 of 13 in the five-drug group (Table 1). Patients 
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had not been diagnosed with any neurological disease and did not experience 
neurological symptoms before or during the study. Two patients in the five-
drug group were treated within 1 to 2 months after their primary HIV-in-
fection. 

Table 1 Baseline characteristics 

n 

Male gender, n (%) 

Age (y)" 

CDC classification, 

A/B/C (n) 

CD4+ count (cells/mm3)1' 

Cells in CSF/3 (uL)bc 

Protein in CSF (g/L)b-c 

RTV/SQV 

5 

5 (100) 

42 (26-55) 

3/1/1 

250 (90-500) 

26 (3-49) 

0.33 (0.30-0.35) 

RTV/SQV/d4T 

8 

7(88) 

37(31-51) 

3/1/4 

300 (10-870) 

17(1-66) 

0.33 (0.20-0.50) 

Five-drug group 

13 

13 (100) 

41 (31-57) 

12/0/1 

450 (30-680) 

5(0-59) 

0.44(0.18-1.36) 

P Value* 

0.26 

0.81 

0.04 

0.80 

0.45 

0.49 

a Kruskal-Wallis or Fisher's exact test for differences between the three t reatment groups; 
b median (range); c RTV/SQV group: n=2; RTV/SQV/d4T group: n=6; five-drug group: n=13. 

RTV. ritonavir; SQV. saquinavir; d IT, stavudine; n, number of individuals; CSF, cerebro

spinal fluid. 

Median baseline peripheral blood HIV-1 RNA concentrations were 5.5, 4.5 
and 4.9 logio copies/mL for the RTV/SQV, RTV/SQV/d4T and five-drug group, 
respectively (P = 0.01). Median baseline CSF HIV-1 RNA levels were 3.5, 2.9 
and 3.6 logio copies/mL (P = 0.47), in the same groups, respectively. No sig
nificant correlation was found between baseline peripheral blood and CSF 
HIV-1 RNA concentrations (P = 0.15). 

Serum sTNFr-II, MCP-1 and IP-10 concentrations at baseline were higher in 
the HIV-infected patients than HIV-negative controls (P= 0.0001, P= 0.0007, 
and P= 0.0006, respectively). 
Baseline CSF sTNFr-II, MCP-1 and IP-10 concentrations in this study popu
lation were not significantly different from those found in HIV-negative con
trols, although they tended to be higher when compared with HIV-negative 
controls (P= 0.75, P= 0.06, and P= 0.06, respectively). Median baseline CSF 
IP-10 levels were higher in the five-drug group compared with the RTV/SQV 
group or with the RTV/SQV/d4T group (P= 0.01). There were significant cor
relations between baseline serum and CSF sTNFr-II and between serum and 
CSF MCP-1 levels (Spearman's p 0.48; P= 0.01 and 0.42; P= 0.03, respec
tively). 
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Correlations between baseline HIV-1 RNA and markers of inflammation in 
serum and cerebrospinal fluid 
In peripheral blood, a correlation was found only between baseline HIV-1 
RNA and IP-10 levels (P= 0.009). 
Higher baseline CSF HIV-1 RNA levels were significantly correlated with 
higher baseline CSF sTNFr-II, protein concentrations, and CSF cell counts. 
Correlations were also found between CSF sTNFr-II, IP-10 and protein con
centrations. However, CSF MCP-1 concentrations did not correlate with CSF 
HIV-1 RNA, sTNFr-II, IP-10, CSF protein levels or CSF cell counts (Table 2). 

Table 2 Correlations at baseline within cerebrospinal fluid (CSF) 

CSF 

CSF 

H A M RNA 

sTNFr-II 

MCP-1 

IP-10 

sTNFr-II 

0.46 o 

MCP-1 

-0.20 

0.30 

IP-10 

0.35 

0.49 » 

0.17 

Protein 

0.73 b 

0.46 •"• 

-0.19 

0.46" 

Cells 

0.49» 

0.21 

-0.21 

0.28 
a 0.05 < P < 0.01 in Spearman's rank correlation;b P <0 .01 in Spearman's rank correlation. 

Correlations between HIV-1 RNA and markers of inflammation in peripheral blood and CSF, 

before s tar t of antiretroviral therapy. Numbers indicate Spearman's rank correlation coeffi

cient. 

sTNFr-II, soluble tumour necrosis factor receptoi-II; MCP-1, monocyte chemoattractant pro-

tein-1; IP-10, interferon-y inducible protein-10. 

HIV-1 RNA during antiretroviral therapy 
After 8 to 12 weeks of treatment, peripheral blood HIV-1 RNA levels were 
<400 copies/mL in 2 of 5 patients in the RTV/SQV group, in 6 of 8 patients in 
the RTV/SQV/d4T group, and in 10 of 13 patients in the five-drug group. In 
all patients with available week-48 samples, peripheral blood HIV-1 RNA 
was lower than LLQ at that time point (1 of 1 in the RTV/SQV group, 3 of 3 
in the RTV/SQV/d4T group, 9 of 9 in the five-drug group). 
At weeks 8 to 12, 9 of 10 patients in the five-drug group reached a CSF HIV-1 
RNA level <400 copies/mL and/or lower than LLQ, compared with 8 of 8 in 
the RTV/SQV/d4T group and only 1 of 5 in the RTV/SQV group. In all pa
tients with available week-48 samples, CSF HIV-1 RNA was lower than LLQ 
at that timepoint. Because of the different lower limits of quantification of 
the assays used in the two studies, HIV-1 RNA decline in the five-drug group 
was larger before reaching LLQ of the assay. 

85 



Chapter 5 

sTNFr-II, MCP-1 and IP-10 responses to antiretroviral therapy 
Serum sTNFr-II concentrations decreased in all three treatment groups to 
levels within the normal range by week 48 (medium sTNFr-II concentration 
at week 48: 1903 pg/mL). Median serum MCP-1 and IP-10 levels declined 
during antiretroviral therapy, although the concentrations remained higher 
than in HIV-negative controls (medium serum MCP-1 concentration 1612 
versus 721 pg/mL for HIV-negative controls, P= 0.004 and median IP-10 con
centration 289 versus 172 pg/mL for HIV-negative controls, P = 0.03; Figure 
1). 
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Figure 1 Results of HIV-1 RNA, soluble tumour necrosis factor receptor (sTNFr)-II, mono

cyte chemoattractant protein (MCP)-l and interferon-y inducible protein (IP)-10 concentra

tions in serum. 

Lines represent median values (± interquartile ranges) of HIV-1 RNA. sTNFr-II. MCP-1. and 

IP-10 concentrations during the study for HIV-1-infected patients receiving ritonavir 

(RTV)/saquinavir (SQV; dotted lines), RTV/SQV/stavudine (d4T; broken lines), or five drug 

combination therapy (solid lines). ARVT, antiretroviral therapy. 

Results plotted at week -2 represent results of the HIV-negative controls. 
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In CSF, sTNFr-II levels were lower than LLQ in 15 of 26 patients at week 0 
and in 11 of 13 at week 48. In 1 patient receiving RTV/SQV/d4T therapy, 
CSF sTNFr-II levels increased between weeks 12 and 48 from <100 pg/mL to 
2543 pg/mL, although the patient's CSF HIV-1 remained lower than LLQ 
and serum sTNFr-II became undetectable. 
Median CSF MCP-1 levels declined during the first 8 to 12 weeks. However, 
between weeks 8 and 48 a significant increase in CSF MCP-1 concentration 
was observed in the five-drug group (median increase, 1204 pg/mL; range, 
577-2320 pg/mL; signed log rank test: P=0.004), which was much less pro
nounced in serum (median increase, 338 pg/mL; range, -146-958 pg/mL). In 
addition, the patient receiving RTV/SQV who was followed through 48 weeks, 
and 2 of 3 patients in the RTV/SQV/d4T group had increases in CSF MCP-1 
levels between weeks 12 and 48. All these patients had CSF HIV-1 RNA 
lower than LLQ at week 48. 

The median CSF IP-10 concentration increased during the first 12 weeks in 
the RTV/SQV group. However, in the RTV/SQV/d4T and the five-drug 
groups, CSF IP-10 levels declined during the first 8 to 12 weeks and re
mained stable afterward. This difference in CSF IP-10 response was also ob
served when only asymptomatic (CDC stage A) patients were considered. In 
one patient who was receiving RTV/SQV, who reached CSF HIV-1 RNA lower 
than LLQ by week 48, the CSF IP-10 concentration increased threefold be
tween weeks 12 and 48. In one patient receiving RTV/SQV/d4T, CSF IP-10 
levels increased during the first 12 weeks, although CSF HIV-1 RNA became 
lower than LLQ. In another patient receiving RTV/SQV/d4T, CSF IP-10 lev
els increased between weeks 12 and 48 from 177 pg/mL to 653 pg/mL, al
though CSF HIV-1 RNA remained lower than LLQ (Figure 2). In peripheral 
blood, both HIV-1 RNA and IP-10 levels declined during therapy in these pa
tients with increasing CSF IP-10 concentrations. 

Discussion 

Many data favour the contention that the CNS should be considered as a 
separate compartment in which HIV can replicate independent of peripheral 
blood.6 In untreated patients, evidence for compartmentalisation of the infec
tion is found in the lack of association between CSF HIV-1 RNA levels or CSF 
abnormalities and plasma HIV-1 RNA.1619 In this study as well, we did not 
find any correlation between baseline CSF and peripheral blood HIV-1 RNA 
levels. 

In treated patients, penetration of drugs into the CNS may be sub-optimal, 
resulting in varying virological response in CSF compared with findings in 
the rest of the body.8'9 To explore the differential effects of antiretroviral 
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Figure 2 Individual results of HIV-1 RNA, soluble tumour necrosis factor receptor (sTNFr)-

II, monocyte chemoattractant protein (MCP)-l, and interferon-y inducible protein (IP)-10 

concentrations in cerebrospinal fluid. 

Lines represent individual results for HIV-1 infected patients on ritonavir (RTV)/saquinavir 

(SQV; left), RTV/SQV/stavudine (d4T; middle) or five-drug therapy (right). Results plotted at 

week -2 represent the results of the HIV-negative controls. ARVT, antiretroviral therapy. 
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therapy in CNS versus peripheral blood, we measured inflammatory markers 
in CSF and peripheral blood of patients on antiretroviral therapies that differ 
in their ability to penetrate the CNS. 

We specifically measured MCP-1 and IP-10 because these are the most sensi
tive markers of inflammation in children with non-HIV viral meningitis.20 In 
untreated asymptomatic HIV-1 infected patients, CSF MCP-1 concentrations 
are elevated, which reflects macrophage activation.21"23 This is probably a re
sult of viral replication, given that MCP-1 in CSF is correlated with CSF 
HIV-1 RNA levels.16-21 Elevated expression of IP-10 has been shown in the 
brain of macaque monkeys with simian immunodeficiency virus-related en
cephalitis.24 Although the relative immune activation in the brain can also be 
demonstrated by immunostaining for TNF-a and other cytokines,25-26 CSF 
concentrations of TNF-a, interleukin (IL)-6, and the chemokines macro
phage-inflammatory (MlP)-la, MIP-lB, and regulated-on-activation normal 
T-expressed and secreted (RANTES) are lower than the detection limit in 
most asymptomatic patients. 18.21.22,27 

We also measured sTNFr-II concentrations, inasmuch as persistent TNF ac
tivation potentially plays a role in the pathogenesis of the HIV infection and 
can predict progression to AIDS.28 Upregulation of sTNFr expression on 
macrophages and microglia is demonstrated in the brains of AIDS patients 
without encephalitis.26 

We have shown that therapy with RTV/SQV without nucleoside analogue re-
verse-transcriptase inhibitors results in rapid declines of peripheral blood 
HIV-1 RNA concentrations to lower than LLQ in most patients. However, 
CSF HIV-1 RNA remained detectable in most of these neurologically asymp
tomatic patients at week 12.8 CSF IP-10 and sTNFr-II concentrations in
creased in those patients who did not reach CSF HIV-1 RNA lower than 
LLQ. 
Neurologically asymptomatic patients using antiretroviral combination 
therapies including at least one drug that penetrates well into the CSF (d4T 
in the RTV/SQV/d4T group, all drugs in the ZDV/3TC/ABC/NVP/IDV group7), 
showed declines of HIV-1 RNA concentrations in both their peripheral blood 
and CSF. A decline in peripheral blood HIV-1 RNA was accompanied by de
clines of markers of inflammation in the peripheral blood. Surprisingly, vi-
rological responses and sTNFr-II, MCP-1, and IP-10 responses to antiretrovi
ral therapy in CSF were not concordant in all patients. Some patients with 
good virological response to therapy in CSF showed an increase in CSF 
sTNFr-II, MCP-1, and/or IP-10 concentrations. There was no clear pattern of 
clinical stage or baseline CD4+ T cell count in patients with dyscongruent 
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CSF responses. In addition, we observed a significant increase in CSF MCP-1 
concentrations between weeks 8 to 12 and week 48 in the whole study popu
lation, although CSF HIV-1 RNA was lower than LLQ at week 48 in all pa
tients. 

The visit schedule differed between the ERA and Prometheus studies (8 ver
sus 12 weeks, respectively). This could have caused less pronounced changes 
from baseline in the ERA patients. However, changes from baseline to week 8 
in the ERA patients were comparable with, if not more pronounced than, the 
changes from baseline to week 12 in the Prometheus study. 
Tests used for HIV-1 RNA measurements were different for the two studies. 
In the Prometheus study, the Roche Amplicor test was used for serum and 
CSF. In the ERA study, the NucliSens assay was used for plasma and CSF. 
Although there are differences between the tests and the test fluids used, re
sults are reported elsewhere to be strongly correlated.29 

The observed decrease of plasma sTNFr-II and MCP-1 levels in patients with 
a good virological response is confirmed by other reports.30'31 During therapy 
with ZDV, decreased CSF neopterin and B2-microglobulin levels have been 
reported,32'33 but no data are available on markers of inflammation in CSF 
during more potent antiretroviral therapy. 

The important question is how to explain increasing CSF chemokine levels in 
neurologically asymptomatic patients who have a good virological response. 
Monocytes, macrophages and endothelial cells are the main cellular source of 
MCP-1 and IP-10.23 In our study, serum levels of these chemokines were 
lower than CSF levels. Moreover, serum chemokine concentrations did not 
increase during follow-up. Therefore, the MCP-1 and IP-10 found in CSF 
were most likely produced locally. The primary brain cells that are infected 
by HIV-1 are cells of the monocyte lineage.3435 HIV-1 replication in cultured 
human monocytes results in an upregulation of MCP-1 secretion.1636 HIV-
TAT also increases MCP-1 release by astrocytes in vitro.22 Therefore, the 
most likely explanation for the increase in chemokine levels observed in our 
study is HIV-1 replication. We could not document such local HIV-1 replica
tion, because we did not see an increase in CSF HIV-1 RNA. However, in 
plasma, markers of inflammation can increase long before virological failure 
is evident.30 A longer follow-up is required to rule out virological failure de
finitively as the cause of increasing chemokine levels. 
Whatever the cause, increasing CSF chemokine levels are unwanted. MCP-1 
is a major mediator of CSF chemotactic activity on monocytes.20 MCP-1 and 
IP-10 both attract activated T cells.20-37 When activated T cells are attracted 
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to the CNS and chemokines are secreted as a result of HIV replication by the 
activated T cells, a positive feedback loop may occur. 

In conclusion, potent antiretroviral therapy including CSF-penetrating drugs 
reduced CSF HIV-1 RNA levels to lower than LLQ. However, in some pa
tients, increasing CSF chemokine levels were observed during therapy. Re
sidual HIV replication in the CNS, which could not be detected with CSF 
HIV-1 RNA measurements, may account for this phenomenon. Further 
studies are needed to explore whether increases in CSF chemokine concen
trations, despite declines in CSF HIV-1 RNA levels to lower than LLQ, in
deed reflect local HIV-1 replication. 
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Abs t r ac t 

Background A stable reservoir of latently infected, resting CD4 T cells has 
been demonstrated in HIV-1-infected patients despite prolonged antiretrovi-
ral treatment. This is a major barrier for the eradication of HIV by antiretro-
viral agents alone. Activation of these cells in the presence of antiretroviral 
therapy might be a strategy to increase the turnover rate of this reservoir. 

Methods Three HIV-1-positive patients on potent antiretroviral therapy, in 
whom plasma viremia had been suppressed to below 5 copies/mL for at least 
26 weeks, were treated with a combination of OKT3 (days 1-5) and recombi
nant human IL-2 (days 2-6). 

Results The side effects were fever, headache, nausea, diarrhoea, and in one 
of the patients transient renal failure and seizures. The regimen resulted in 
profound T cell activation. In one patient plasma HIV-1 RNA transiently in
creased with a peak at 1500 copies/mL. In the other two patients plasma 
HIV-1 RNA levels remained below the detection limit, but HIV-1 RNA levels 
in the lymph nodes increased two- to threefold. All patients developed anti
bodies against OKT3. 

Conclusion OKT3/IL-2 resulted in T cell activation and proliferation, and 
could stimulate HIV replication in patients having achieved prolonged sup
pression of plasma viremia. 0KT3/IL-2 therapy was toxic and rapidly in
duced antibodies against OKT3. 

96 



Immuno-activation with anti-CD3 and IL-2 

Introduction 

Recently, a small reservoir of latently infected, resting memory CD4 T cells 
harbouring replication competent, integrated provirus was demonstrated in 
patients despite prolonged antiretroviral combination therapy with suppres
sion of plasma HIV-1 RNA levels below 50-200 copies/mL.1-2 The number of 
these cells decreased only very slowly with increasing time on therapy.3 This 
reservoir might be a major barrier for the eradication of HIV by antiretrovi
ral agents alone. Treating patients for many years with antiretroviral combi
nation therapy is undesirable given the side effects of such therapy.4-5 There
fore, it is necessary to develop strategies to increase the turnover rate of the 
reservoir of latently infected T cells. One strategy might be the activation of 
the resting T cells, in the continued presence of antiretroviral therapy.6-7. Ac
tivation of these cells may result in apoptosis of these cells,8 or in virus repli
cation within these cells, resulting in their lysis, with antiretroviral drugs 
preventing new infections.6 In vitro, resting T cells of HIV-1 patients could be 
activated by CD3 monoclonal antibody or by the combination of the cytokines 
TNF-ct, IL-2 and IL-6, resulting in HIV-1 replication.6 

In the present study, we investigated the concept of in-vivo stimulation with 
OKT3 and IL-2. OKT3 is an IgG2a murine monoclonal antibody directed 
against the CD3 molecule.910 Because IL-2 plays a critical role in OKT3-
driven cell proliferation,11 the effects exerted by OKT3 treatment might be 
enhanced by the administration of recombinant IL-2.911 

Materials and methods 

Patients and treatment 
Three patients (008, 010 and 002) were studied. Antiretroviral therapy had 
been started 9-15 months earlier with zidovudine, lamivudine, abacavir, 
nevirapine, indinavir and ritonavir.12 Patient 010 stopped abacavir and nevi-
rapine within 10 days because of hypersensitivity reactions and instead re
ceived hydroxyurea until 10 weeks before the OKT3/IL-2 treatment. When 
the plasma HIV-1 RNA load had been below 5 copies/mL for at least 26 
weeks (Figure 1), the patients were treated with OKT3 and recombinant hu
man IL-2. On five consecutive days 5 mg of OKT3 (Janssen-Cilag BV, Til-
burg, the Netherlands) were given as a 2 h continuous infusion,13 but on the 
first day 2.5 mg was given for safety reasons. From days 2-6, rhIL-2 (Chiron, 
Amsterdam, the Netherlands) was added at a rate of 4.5 MIU twice a day 
subcutaneously. Antiretroviral therapy was continued. Because of the side 
effects experienced by the first patient (008), the IL-2 dosage was decreased 
to 2 MIU twice a day in patients 010 and 002. The OKT3/IL-2 cycle was to be 
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repeated after 2 weeks. The study was approved by the Medical Ethics Com
mittee of our hospital and informed consent was obtained from all three pa
tients. 

Follow-up 
Lymph node biopsies were obtained by surgical excision 4-6 weeks before the 
OKT3 treatment and on the fourth day of the first (patient 002) or the second 
(patient 010) OKT3/IL-2 cycle, fixed in Parafix™ , and embedded in paraffin. 

OKT3 concentrations and OKT3 antibody levels in serum were determined 
using enzyme-linked immunosorbent assay.14 To determine whether anti
idiotype or anti-isotype antibodies were produced, an irrelevant mouse IgG2a 
antibody was used.14 

The quantification of HIV-1 RNA in plasma was performed using the Nu-
cliSens HIV-1 QT assay (Organon Teknika, Boxtel, the Netherlands). When 
RNA levels decreased to below 50 copies/mL,12 an initial input volume in the 
assay of 2 mL plasma was used combined with the ultrasensitive protocol ad
aptation, resulting in a lower quantification limit of 5 copies/mL. 

HIV-1 RNA in tissue sections was quantitated by first performing in-situ hy
bridisation with 35S radiolabelled antisense HIV-1 RNA probes, with sense 
probes used as a control.15 This was followed by measurements in the phos
phor storage imager.16 One pCi/mm2 represents 555 viral genome equiva
lents. HIV-1 expressing mononuclear cells in the tissue sections were counted 
in a darkfield microscope. Positive cells were considered to have more than 
20 silver grains per 200 um2. 

HIV-1 DNA from at least lxlO6 mononuclear cells was isolated using the 
TRIzol reagent (Gibco BRL, Life Technologies Inc., Grand Island, MD, USA). 
The cellular DNA was recovered, aliquoted and a mutant plasmid was added 
(400, 80, 16, and 3 copies). A competitive nested polymerase chain reaction 
was performed on the HIV-1 pol region.17 The DNA copy number was ex
pressed as copy number per 106 CD4 T cells present in peripheral blood 
mononuclear cells (PBMC). 

Culture of resting CD4 T cells 
HLA-DRCD4 T cells were isolated from 50 mL freshly obtained blood.18'19 Vi
rus was isolated from limiting-diluted cells.20 
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Resul ts 

Clinical side-effects 
The side effects consisted of spiking fever, headache, nausea, vomiting, diar
rhoea and anaemia. These side effects started within several hours after ad
ministration and persisted undiminished during the entire OKT3/IL-2 cycle. 
Because of the side effects patients 008 and 002 declined a second cycle. Al
though no prolonged periods of hypotension were recorded, patient 008 de
veloped acute renal failure caused by acute tubular necrosis after 6 days. 
Temporary hemodialysis was required, after which his renal function recov
ered completely. In the following patients the dosage of IL-2 was decreased, 
intravenous fluid administration was increased and dopamine 3 ug/kg/min 
was added as a continuous infusion.2123 Furthermore, patient 008 developed 
seizures on the 19th day after the start of treatment. A magnetic resonance 
imaging scan showed white-matter abnormalities.24 Within a few weeks all 
neurological signs and symptoms disappeared and anti-epileptic medication 
was withdrawn. Finally, patient 010 developed a short period of sub-clinical 
hypothyroidism.25 

A profound lymphocytopenia persisted during the entire treatment with 
OKT3.14 Likewise, CD4 T cell counts dropped from 320-690 x 106/L to below 
10 x 106/L as early as one hour after the start of treatment. Lymphocyte and 
T cell counts started to recover after day 8. 

Serum levels of OKT3 and OKT3 antibodies 
Serum concentrations of OKT3 at the end of the infusions were 132-225 
ng/mL during the first day and 566-1148 ng/mL during days 2-5, and trough 
concentrations ranged from 11 to 44 ng/mL after the first dose and from 53.7 
to 133 ng/mL after subsequent dosages. 
None of our patients developed precipitating antibodies against OKT3. How
ever, all patients developed both anti-idiotype and anti-isotype antibodies 
against OKT3, as early as 11 days after the start of treatment. On day 15, 
patient 010 started a second OKT3/IL-2 cycle. This time he developed only 
minor clinical signs and symptoms, the degree of lymphocytopenia in the pe
ripheral blood (23%) was much less than during the first cycle (1%), and the 
concentration of OKT3 measured at the end of the first infusion was only 5.3 
ng/mL, as opposed to 132 ng/mL during the first cycle. We concluded that the 
anti-OKT3 antibodies significantly reduced the effects of OKT3. Therefore, 
OKT3 infusions were stopped after 3 days, and the IL-2 dosage increased to 
4.5 MIU twice a day. 
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Plasma HIV-1 RNA 
After the start of antiretroviral therapy, plasma HIV-1 RNA levels declined 
within 1-9 weeks to levels below 5 copies/mL (Figure 1). Patient 008, who 
had a plasma HIV-1 RNA load below 5 copies/mL for 37 weeks before the 
start of the OKT3/IL-2 treatment, had a plasma HIV-RNA level of 110 cop-
ies/mL immediately before the first dose of OKT3. His HIV-1 RNA plasma 
levels peaked at 1500 copies/mL at day 5 of the OKT3/IL-2 protocol, and 
dropped again to below 5 copies at day 16 (Figure 1). Plasma HIV-1 RNA lev
els of the other two patients remained below 5 copies/mL during the entire 
treatment and follow-up period, up to 6 weeks after the first day of OKT3. 

HIV-1 RNA in lymph nodes 
During OKT3/IL-2 the number of viral RNA genome equivalents in the 
lymph nodes increased from 555 to 1532/mm2 in patient 010 and from 683 to 
1332/mm2 in patient 002 (Figure 2), but no increase in the number of produc
tively infected cells (< 1/106 paracortical cells; approximately 106 paracortical 
cells counted) was seen. 

HPV-1 DNA in peripheral blood mononuclear cells 
During OKT3/IL-2, HIV-1 DNA in the PBMC dropped to undetectable levels 
in patient 010 and 002 in parallel to the disappearance of CD4+ T cells from 
the peripheral blood. In patient 008, CD4+ T cells did not completely disap
pear from the circulation and HIV-1 DNA could be measured in all samples 
obtained during the OKT3/IL-2 treatment. Upon the reappearance of the 
CD4+ T cells, HIV-1 DNA returned to pre-OKT3/IL-2 levels. 

Culture of resting CD4+ T cells 
In patient 008, the number of resting CD4+T lymphocytes in peripheral blood 
harbouring replication-competent HIV before OKT3/IL-2 treatment (10-
19/per 106 resting CD4+ T cells) was in the same order of magnitude as the 
number thereafter (13-19/106). In the other two patients the frequency of 
these cells was one or less per 106 resting CD4+ T cells before and after 
OKT3/IL-2 treatment, and it is therefore not possible to assess whether the 
treatment influenced the size of this HIV reservoir. 
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The early development of anti-OKT3 antibodies causes difficulties in treating 
patients with consecutive courses. More than one T cell activating cycle is 
probably required to 'flush out' the entire latent reservoir.7 Therefore, addi
tional strategies to activate these latently infected cells in vivo must be con
sidered. 
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A b s t r a c t 

Activation of resting T cells has been proposed to purge the reservoir of HIV-
1-infected resting CD4+ T cells. We therefore treated three HIV-1-infected pa
tients on antiretroviral therapy with 0KT3, a CD3 monoclonal antibody, and 
recombinant human IL-2. Here we report the profound and partially long-
lasting host responses induced by the OKT3 and IL-2 treatment. OKT3/IL-2 
induced a strong but transient release of plasma cytokines and chemokines. 
The percentage CD4+ and CD8T T cells in the blood expressing the activation 
marker CD38 transiently increased to almost 100%, and in lymph nodes we 
"observed" a 10-fold increase in the number of dividing Ki67+ cells and in
creased numbers of apoptotic cells. During the OKT3/IL-2 treatment, a deple
tion of CD4+ T cells in peripheral blood and lymph nodes occurred, which was 
followed by a long lasting depletion of CD4+ T cells in peripheral blood, sug
gesting a physical deletion of these cells. Increases in CD4+ T cell numbers 
during the two years of follow-up were mainly due to increased memory T cell 
numbers. CD8+ T cells were also depleted in the blood, but less severely in 
lymph nodes, and returned to baseline levels within several weeks. 
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I n t r o d u c t i o n 

The murine monoclonal antibody OKT3, has been widely used in renal trans
plant patients to prevent acute rejection.12 A new use of OKT3 has been pro
posed in HIV-infection. 
The presence of a stable reservoir of latent, replication-competent virus 
within resting CD4+ T cells, despite prolonged potent antiretroviral therapy, 
represents a major barrier for eradication of HIV.3'6 One strategy to increase 
the turnover rate of this reservoir might be the activation of these cells, in 
the continued presence of antiretrovirals to prevent re-infection of activated 
cells.78 Activation would lead to virus replication within these cells, resulting 
in cell death.9 Activation might be accomplished by use of OKT3, known to 
activate virtually any T cell through the TCR complex.1 The rationale and 
principle of this purging have been successfully demonstrated in vitro.8 We 
therefore performed a pilot study, in which three HIV-1-positive patients 
were treated with OKT3. As IL-2 plays a critical role in OKT3 driven prolif
eration,10 the effects exerted by OKT3 treatment might be enhanced by the 
administration of recombinant IL-2 (rhIL-2). Unfortunately, administration 
of OKT3 and rhIL-2 to these three HIV-1-positive patients did induce viral 
replication, but did not result in measurable purging of the viral reservoir, as 
we have reported elsewhere.11-12 

It is known that administration of OKT3 also has profound effects on the 
human immune system. In renal transplant patients, the transient release of 
cytokines after the first dose of OKT3 is well-known.1315 In the setting of or
gan transplantation, OKT3 is combined with steroids and other immunosup
pressive drugs.16 In our study we chose not to administer corticosteroids be
cause of their inhibitory effects on T-cell activation and viral replication.8 

Consequently, the known effects of OKT3 cannot be extrapolated to the 
situation of HIV patients, not taking immunosuppressive drugs. 

Therefore, this pilot study enabled us the unique opportunity to observe the 
effects of OKT3/rhIL-2 without concomitant administered immunosuppres
sive drugs on the immune system, focusing on the hitherto not described 
chemokine release. Further, we were able to obtain data on the so far un
known long-term effects of OKT3 on T cell subsets in peripheral blood and 
lymph nodes. 

I l l 



Chapter 7 

F i g u r e 2 Ki67* positive cells, stained brown, in lymph node section from patients 010 (a, b) 

and 002 (c, d) 2-6 weeks before OKT3/IL-2 treatment (a, c) and the fourth day of the first 

OKT3/IL-2 cycle (d) or second OKT3/IL-2 cycle (b). 
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Methods 

Patients 
Three patients (008, 010 and 002) were included in this study. Potent 
antiretroviral therapy with zidovudine, lamivudine, abacavir, nevirapine, 
indinavir and ritonavir had been started 9-15 months earlier. Relevant pa
tient characteristics have been described in more detail elsewhere.11 

Treatment protocol 
Patients were eligible for treatment with OKT3 and rhIL-2 when the plasma 
HIV-1 RNA load was below 5 copies/mL for at least 26 weeks. The study was 
approved by the Medical Ethics Committee of our hospital and informed con
sent was obtained from all three patients. 
OKT3 (Janssen-Cilag B.V., Tilburg, The Netherlands) was administered as a 
2-hr continuous infusion to attenuate first-dose side effects.15 On the first 
day, only 2.5 mg of OKT3 was given; thereafter 5 mg was given for 4 consecu
tive days. The original protocol prescribed subcutaneous administration of 
4.5 MIU (bid) of rhIL-2 (Chiron, Amsterdam, The Netherlands) from day 2 to 
day 6. However, the first patient included (patient 008) experienced severe 
renal side effects, probably caused by a local renal vasomotor effect of rhIL-2 
with an ensuing decrease in the glomerular filtration. Therefore, the rhIL-2 
dosage was decreased to 2 MIU bid, intravenous fluid administration was in
creased to at least 4 litres a day, and dopamine,3 ug/kg/min, as a continuous 
infusion, was added on days 2-6 in patients 010 and 002. In this way renal 
dysfunction was prevented. This cycle was to be repeated after 2 weeks (days 
15-20), but patients 008 and 002 declined a second course because of the side 
effects.11 

Antiretroviral therapy was continued during OKT3/IL-2 treatment. 

Follow up 

Leukocyte counts. Peripheral blood was collected for total leukocyte and dif
ferential counts before the first OKT3 infusion, at 1, 6 and 12 hr thereafter, 
and on days 2-6, 8, 15-20, 22, and 43. On days 1-6, 8, 15, 20, 22, and 43 and 
subsequently every 8 weeks, EDTA anticoagulated blood was collected for 
lymphocyte immunophenotyping. 

Plasma. During the first OKT3/IL-2 cycle EDTA blood was collected for cyto
kine measurement before the start of treatment and at 1, 2, 4, 6, 8, 10, and 
12 hr thereafter. On the second and third days EDTA blood was collected at 
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O, 2, and 4 hr, and on the sixth day prior to the first dose of rhIL-2. Immedi
ately after blood collection, the plasma was recovered by centrifugation at 
4°C for 20 min at 1500g and was stored at -80°C until tested. 

Serum. Blood was collected for IL-2 and chemokine measurement prior to the 
first OKÏ3 administration and at 1, 2, 4, 6, 8, and 12 hr thereafter. On the 
second day, blood was collected at 0, 2, 4. 6, 8, 10, and 14 hr; on the third day, 
at 0, 2, and 4 hr; and on the sixth day, prior to the first dose of rhIL-2. Serum 
was obtained by centrifugation at 4°C for 10 min at 1500g and was stored at -
80°C until tested. 

Lymph node biopsy. Lymph node biopsies of all patients were obtained by 
surgical excision 2-6 weeks prior to the OKT3 treatment. In two patients an 
additional biopsy was taken: on the fourth day of the first OKT3/IL-2 cycle 
(patient 002) and on the fourth day of the second OKT3/IL-2 cycle (patient 
010). Of each lymph node, one part was fixed in Parafix™, embedded in par
affin, and sectioned, and one part was minced with a scalpel, and the cells 
were teased out in Iscove's modified Dulbecco's medium (IMDM) supple
mented with 20 % fetal calf serum (FCS). 

Assays 

Flow cytometry. Lymphocyte immunophenotyping for T cells on fresh periph
eral whole blood and frozen lymph node cells was performed by flow cytome
try using dual staining. 
Lymphocytes were marked as naive and memory CD4+ and CD8+ cells by 
three-colour flow fluorescence using combined staining with CD45RA and 
CD27 monoclonal antibodies (mAb). T cell subsets expressing both CD45RA 
and CD27 were considered thymic derived naive cells, whereas cells which 
lacked CD45RA and/or CD27 were regarded as memory cells.17 

Activation of CD4+ and CD8+ cells was determined by the percentages of cells 
positive for CD38.18 

Immunohistochemistry. In tissue sections, lymphocyte markers were detected 
with commercial antibodies for immunoperoxidase (Dako Corp., Carpenteria, 
CA). The following antibody designations were used: CD3 (Polyclonal A452) 
and Ki67 (B56). After the slides were stained, a video camera was used to 
capture the image with the aid of the NIH Image software. Using this soft
ware thresholding and measuring tools, the specifically stained areas and the 
area of the entire lymph node were measured. Apoptosis was detected using a 
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conventional terminal deoxyribonucleotidyl transferase system (Molecular 
Histology, Inc., Gaithersburg, MD). 

Cytokine and chemokine levels. These were measured by enzyme-linked im
munosorbent assays (ELISA). Commercially available ELISA kits (CLB, Am
sterdam) were used to measure TNF-a, IL-6 and interferon (IFN)-y levels. IL-
2 levels were measured using the Duoset ELISA (Genzyme Diagnostics, 
Cambridge, MA, USA). Detection limits of the assays were 3 pg/mL (TNF-a), 
4 pg/mL (IL-6), 2.4 pg/mL (IFN-y), and 15 pg/mL (IL-2). Monocyte chemoat-
tractant protein (MCP)-l was measured using purified mouse monoclonal 
anti-human MCP-1 as coating antibody, biotinylated rabbit anti-human 
MCP-1 as detecting antibody, and human recombinant MCP-1 as standard 
(PharMingen, San Diego, CA). For determination of macrophage inflamma
tory protein (MlP)-la, MIP-lp and interferon-y inducible protein (IP)-10 lev
els, purified mouse monoclonal anti-human MlP-la, MIP-lp, and IP-10 were 
used as coating antibodies, biotinylated affinity purified goat IgG anti-human 
MlP-la, MIP-ip, and IP-10 as detecting antibodies, and recombinant human 
MlP-la, MIP-lp, and IP-10 as standards (R&D Systems, Abingdon, UK). De
tection limits of the assays were 66 pg/mL (MCP-1), 31 pg/mL (MlP-la), 125 
pg/mL (MIP-lp) and 65 pg/mL (IP-10). 

Resul ts 

Clinical side effects. 
The clinical side effects have been reported in more detail elsewhere.11 In 
brief, in all three patients the first dose of OKT3 caused rigors, fever (>39°C), 
headache, nausea, and diarrhoea. The side effects started within several 
hours after administration and persisted undiminished during the ensuing 
days. Patient 010 started a second course of OKT3/IL-2 2 weeks after the 
first cycle (days 15-20). During this second course he developed only minor 
clinical signs and symptoms, probably due to the development of anti-OKT3 
antibodies.11 

Changes in T cell subsets in blood and lymph nodes. 
Within 1 hr after the start of OKT3 infusion, a profound granulocytopenia 
and lymphocytopenia developed. After 6 hr, granulocyte counts had normal
ised. A profound lymphocytopenia persisted during the entire treatment with 
OKT3 and started to recover at day 8. 
CD4+ and CD8+ T cell counts dropped sharply as early as 1 hr after the start 
of the first OKT3 infusion (Figure 1). These counts started to recover after 
the end of this cycle, but even after almost 2 years CD4+ T cell counts had not 
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reached pre-treatment values. Increases in CD4+ T cell numbers during this 
follow-up period were due mainly to increased memory cell numbers. Two 
years after treatment, patient 010 still had low naive CD4+ T cell numbers in 
the blood. In contrast, the kinetics of CD8+ T cell repopulation in the blood 
were much faster, and within weeks CD8+ T cell number returned to values 
around baseline. In two patients an overshoot in CD8+ T cells could be noted, 
which gradually resolved. 

Table 1. Phenotype of lymph node cells in lymph node sections before and during OKT3/IL-2 

treatment. 

Cell fraction % 
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CD4* cells 
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memory b 
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46 
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3810 
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65 
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54 

46 

35 

564 
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55 

19 

33 

67 

34 

38 

62 

42 

4447 

15.37 

<• naive cells: CD45RA+CD27+; 
b memory cells: CD45RA+CD27or CD45RACD27+ or CD45RACD27-

In two patients a lymph node biopsy was taken during the OKT3/IL-2 treat
ment. The conditions at the second lymph node biopsy differed for both pa
tients. In patient 002 the biopsy was taken during the first OKT3/IL-2 cycle, 
when a profound lymphocytopenia in the blood was present; and in patient 
010, during the second OKT3/IL-2 cycle, when only a mild lymphocytopenia 
in the blood was present. The CD3+ T cell area made up 24.5% (010) and 
12.5% (002) of the lymph node before and 31.5% (010) and 13% (002) after 
OKT3/IL-2 treatment. Phenotyping of the lymph node cell suspension showed 
a substantial decrease in the percentage of CD3+ T and CD4+ T cells during 
the OKT3/IL-2 treatment, whereas the percentage of CD19+ B cells in
creased, the greatest degree of change being observed for patient 002. The 
decrease in CD3+ T cells could be explained by a decrease in CD4+ T cells, as 

117 



Chapter 7 

the fraction of CD8+ T cells (as a percentage of the total number of T lympho
cytes) was more or less unchanged after treatment. Taken together, these 
data thus show that CD4+ T cells were depleted from blood and lymph node, 
whereas CD8+ T cells were depleted in blood but not in lymph nodes (Table 
1). 

Immune activation. 
The percentage of CD4+ and CD8+ cells that expressed the activation marker 
CD38 increased from 40 to 95% and from 10 to 90%, respectively, and gradu
ally returned to baseline levels during the following weeks. In lymph nodes 
the number of Ki67+ cells measured by immunohistochemistry increased al
most 10-fold during OKT3/IL-2 treatment (Table 1, Figure 2). Dual staining 
showed that the majority of these Ki67+ cells were CD3+ T cells. In addition, 
the number of apoptotic cells was increased (Table 1). 

Cytokines and chemokines. 
Pre-treatment plasma levels of TNF-a, IL-6, and IFN-y and serum levels of 
IL-2 were below the limits of detection. Following the first OKT3 dose, cyto
kine levels increased. TNF-a and IL-2 showed peak values in the range of 
712-2066 and 713-816 pg/mL, respectively, 1 to 2 hr after the start of the first 
OKT3 infusion. IL-6 peak levels in the range of 1357-3814 pg/mL were ob
served after 4 to 6 hr and IFN-y showed peak values in the range of 108-1007 
pg/mL after 2 to 4 hr. TNF-a, IL-6, and IFN-y levels showed minor increases 
on the second day and remained low during the rest of the treatment. The 
measured IL-2 levels on days 2-6 were influenced by the presence of exoge
nous rhIL-2. 

Baseline MCP-1 serum levels ranged from 701 to 1063 pg/mL, MlP-la and 
MIP-1(3 serum levels were either below or just above the limit of detection, 
and baseline IP-10 values were ranging from 462 to 714 pg/mL (Figure 3). 
MCP-1 levels peaked at 4 to 6 hr after the start of the first OKT3 infusion, 
MlP- la and MIP-lp peak values were observed at 2 hr, and IP-10 levels 
peaked at 6-8 hr. MCP-1, MIP-lp, and IP-10 levels showed moderate in
creases on the second day and remained above baseline levels during the re
maining treatment. 

Discuss ion 

In this study we examined host responses to the administration of OKT3 and 
IL-2, without concomitant application of steroids or other immunosuppres
sive drugs, in three HIV-1-infected patients on potent antiretroviral therapy. 
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After the start of 0KT3, we observed a transient granulocytopenia and a per
sisting lymphocytopenia, in line with previous reports.13a9 '20 Following dis
continuation of OKT3/IL-2, CD3+ T cells rapidly reappeared in the circula
tion.21 CD8+ T cell rebound was rapid and complete, but even after almost 2 
years CD4+ T cell counts had not reached pre-treatment values. Despite this 
CD4+ T cell depletion, the patients experienced no opportunistic infections 
and were in good health. 

The long-lasting depletion of CD4+ T cells was unexpected, as in renal trans
plant patients only a mild decrease in CD4+/CD8+ ratios has been described 
after treatment with OKT3. No data are available for absolute CD4+ and 
CD8+ T cell numbers.22 In lymphoid tissue we observed a strong decrease in 
the percentage of CD4+ T cells, whereas, in contrast to peripheral blood, the 
percentage of CD8+ T cells was much less severely depleted. The size of the 
CD3+ T cell area was more or less unchanged, suggesting not only a relative, 
but also an absolute decrease in CD4+ T cells. Taken together, these data 
strongly suggest physical deletion of these cells. OKT3 may lyse T cells by 
allowing for antibody-bridged cell-mediated cytolysis.23 In addition, OKT3-
induced T cell apoptosis has been demonstrated.24 

Long-lasting specific depletion of CD4+ T lymphocytes is also an important 
clinical problem following chemotherapy and bone marrow transplantation.25" 
27 The mechanisms of the gradual reappearance of CD4+ T cells in these cir
cumstances are expansion of existing peripheral T cells but, more impor
tantly, thymic production of new naive T cells.2529 

In contrast to the CD4+ T cells, the CD8+ T cell count in peripheral blood 
rapidly rebounded to values around baseline levels following discontinuation 
of OKT3/IL-2. Given the less severe depletion of CD8+ T cells observed in the 
lymph nodes, these observations may be explained by a treatment-induced 
retention of CD8+ cells in lymph nodes, followed by a rapid redistribution of 
CD8+ T cells into the circulation after the OKT3/IL-2 treatment. This tran
sient retention or homing to the tissue is most likely caused by the general
ised immune activation, which resulted in an increased expression of homing 
molecules on T cells but also on lymph node endothelial cells.30 In addition to 
redistribution to the blood, production of CD8+ T cells could contribute to the 
CD8+ restoration, through thymic-independent pathways of CD8+ T cell re
generation.25'26 Further, the rapid recovery of the CD8+ cell counts might be 
partially explained by cell division caused by the prolonged state of immune 
activation, which is indicated by the increased percentage of CD8+ T cells ex
pressing CD38. 
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High peak values of cytokine and chemokine levels were measured during 
the first day of the OKT3 treatment. The high, although transient release by 
activated T cells of cytokines, including TNF-a, IL-2, IL-6, and IFN-y, was 
probably responsible for the observed acute clinical syndrome including py
rexia (>39°C), headache and gastrointestinal symptoms.13'31"33 The much 
lower cytokine release during the ensuing days is in line with previous 
data.13-3133 The continuation of the clinical side effects after the first day has 
to be attributed to the administration of rhIL-2.3436 In transplant patients, 
the OKT3 induced cytokine release syndrome is attenuated by administra
tion of corticosteroids before the first OKT3 dose.16-31 
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We also observed the hitherto not described release of chemokines after the 
administration of OKT3. Circulating levels of MCP-1, MlP-la, MIP-lp, and 
IP-10 increased after the first dose of OKT3, the greatest degree of change 
being observed for MIP-ip. Most, if not all, cells can secrete chemokines 
given the appropriate stimulus. The main stimuli for chemokine production 
are early pro-inflammatory cytokines such as TNF-a, bacterial products, 
such as lipopolysaccharide, and viral infections. In addition, IFN-y can induce 
the production of chemokines.37 Whether the increased chemokine secretion 
in this setting is directly induced by the administration of OKT3 or mediated 
by OKT3-induced cytokine release is unclear. For MlP- la and MIP-ip, peak 
levels were detected after 2 hr, suggesting a direct effect of OKT3. 

In conclusion, our pilot study in three HIV-1-positive patients thus showed 
that administration of OKT3 and IL-2, although it failed to result in measur
able purging of the cellular HIV-1 reservoir,11 caused vigorous immune acti
vation, including the release of chemokines. In addition, it resulted in a long-
lasting depletion of CD4+ T cells, reminiscent of CD4+ depletion and restora
tion as seen in patients who received CD4 mAb treatment, a bone marrow 
transplantation, or chemotherapy.2528 This long-lasting depletion of CD4+ T 
cells may be considered a contraindication for future exploration of this 
therapeutic approach to a disease in which CD4+ T cell depletion is an impor
tant parameter of disease progression. 
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Chapter 8 

Abs t r ac t 

Background Treatment of antiretroviral naive HIV-1 infected patients with 
standard of care antiretroviral therapy results in the majority of patients in 
plasma HIV-1 RNA levels (pVL) below the limit of quantification (LLQ) of 
standard assays, for a period of a t least three years. In a large percentage of 
such patients, more sensitive assays provide evidence for residual viral repli
cation. 

Methods Thirty control patients who using strict criteria had not experienced 
virological failure during 3 years of standard therapy were compared with 10 
patients who initiated therapy with a five-drug regimen consisting of three 
different classes of antiretroviral drugs (alternative multidrug regimen). 
Plasma obtained at week 48 and at three timepoints around week 144 was 
retested in a modified ultrasensitive assay with an LLQ of 5 copies/mL. 

Results At week 48, pVL could be quantified in 10 of 24 control patients 
(41.7%), whereas in all 10 patients treated with the alternative multidrug 
regimen pVL was <5 copies/mL (P=0.017). Around week 144 pVL could be 
quantified at 0 of 3 timepoints in 12 controls, at 1 of 3 timepoints in 14 con
trols, and at 2 of 3 timepoints in 4 controls. In only 1 of 7 patients of the al
ternative multidrug regimen still on therapy pVL was quantifiable, at 1 of 3 
timepoints (P=0.036). A low baseline CD4+ T cell count was predictive of 
quantifiable pVL in the control patients, but not in the alternative multidrug 
patients. 

Conclusion The use of an alternative multidrug regimen resulted in a 
stronger long-term suppression of pVL compared to clinically successful 
treatment with standard therapy. 
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Introduction 

Treatment of HIV-1 infected patients with triple-drug combination therapy 
can result in profound suppression of viral replication. In most therapy naive 
patients plasma HIV-1 RNA levels (pVL) drop below the detection limit of 
currently used assays, and this can be sustained for a period of at least three 
years.1-3 

However, a reservoir of resting memory CD4+ T cells harbouring replication 
competent virus has been demonstrated to persist during sustained suppres
sion of pVL.4"7 The half-life of this cellular reservoir has been estimated to be 
very long and it therefore represents a major barrier for eradication of HIV 
from a patient by antiretrovirals alone.8'9 

Furthermore, an undetectable pVL using standard assays should not be in
terpreted as evidence of complete suppression of viral replication. In a large 
percentage of patients with undetectable pVL using standard assays, more 
sensitive assays show evidence for ongoing low-level viral replication. A low 
pVL (1-20 copies/mL), expression of viral RNA in lymphoid tissue, and unin-
tegrated circular forms of viral DNA or HIV-1 mRNA in peripheral blood 
mononuclear cells (PBMC) could still be detected in many of these patients 
despite prolonged therapy.922 Ongoing low-level viral replication below the 
limit of quantification (LLQ) of standard assays is worrisome, as it may allow 
for the selection of resistance mutations with the fear of subsequent thera
peutic failure.9.21,23.24 Indeed, during potent antiretroviral therapy success
fully suppressing plasma HIV-1 RNA to below 50 copies/mL, new drug resis
tance mutations were demonstrated in minority populations of viruses cul
tured from blood cells.23 Ongoing low-level replication also precludes eradica
tion of HIV from a patient. To prevent viral resistance and in any attempt at 
viral eradication, an important question is whether intensification of antiret
roviral therapy might reduce this residual viral replication. 
We have demonstrated earlier that an alternative multidrug regimen con
sisting of three different classes of antiretroviral drugs resulted in a more 
rapid initial pVL decline than a standard of care regimen consisting of two 
different classes, which suggested that the initial viral suppression by stan
dard of care therapy can be improved upon.25 In this study we explored, using 
a modified ultrasensitive HIV-1 RNA assay, whether this multidrug regimen 
also results in stronger suppression of viral replication compared to standard 
of care therapy during prolonged treatment. 
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Patients and Methods 

Patients 
Alternative multidrug regimen group 
Ten chronically infected HIV-1 patients, aged 31-60 years, started a five-drug 
regimen with the nucleoside analogue reverse transcriptase inhibitors 
(NRTIs) zidovudine (ZDV), lamivudine (3TC) and abacavir (ABC), the non-
nucleoside reverse transcriptase inhibitor (NNRTI) nevirapine (NVP), and 
the protease inhibitor (PI) indinavir (IDV) between January 1997 and Febru
ary 1998.25 One patient had previously received antiretroviral therapy: ZDV 
for 16.5 months and 3TC for 10.5 months, both of which were stopped 14 
days before enrolment, and didanosine (ddl) for 6 months, which had been 
stopped one year before enrolment. This subject received a similar five-drug 
regimen as the others, except that stavudine (d4T) was substituted for ZDV 
and ddl was substituted for 3TC. In case of toxicity, the drug regimen was 
changed in individual patients but always consisted of antiretroviral drugs 
from 3 different classes during the 144 weeks of follow-up.2526 Due to toxicity, 
three patients (002, 006 and 015) decided to stop therapy after 73, 118 and 87 
weeks of treatment, respectively. At the moment of discontinuation of ther
apy these three patients had a pVL below 5 copies/mL, and they were only 
included in the analysis at week 48. The study was approved by the Medical 
Ethics Committee of our hospital and informed consent was obtained from all 
patients. 

Control group 
Control patients were selected from the HIV-1 positive patient population at 
the outpatient clinic of the Academic Medical Center, Amsterdam, The Neth
erlands. The selection criteria were chronic HIV-1 infection, antiretroviral 
therapy naive at the start of a standard potent antiretroviral regimen, start 
of antiretroviral therapy between July 1996 and February 1998, and no evi
dence of virological failure during 144 weeks of follow-up. A standard potent 
antiretroviral regimen was defined as a combination regimen containing two 
different classes of antiretroviral drugs: 2 NRTIs plus 1 or 2 Pis, or 1 NRTI 
plus 2 Pis.27 Saquinavir (SQV) hard gel formulation as a single PI plus 2 
NRTIs was not considered to be a potent antiretroviral regimen. Treatment 
modifications within the definitions of the standard combination regimen for 
reasons other than virological failure were allowed. Virological failure during 
the 144 weeks of follow-up was defined as having one of the following: (I) not 
reaching pVL below the LLQ of the standard assay used at that moment 
within 24 weeks after starting antiretroviral therapy, or (II) having a single 
pVL > 1000 copies/mL or two consecutive pVL measurements between 400 
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and 1000 copies/mL after having had a pVL below the LLQ. If the last pVL in 
the 144 week period was between 400 and 1000 copies/mL, the patient was 
excluded if no subsequent measurement was available. 
Each control patient had to have enough frozen plasma available at three dif
ferent time points after three years of therapy (week 144, and the first avail
able time-point before and after week 144) for re-testing in the modified Nu-
cliSens HIV-1 QT assay with a LLQ of 5 copies/mL.25 

Plasma HIV-1 RNA quantification 

Alternative multidrug regimen group 
pVL in EDTA plasma was measured every eight weeks using the NucliSens 
HIV-1 QT assay (Organon Teknika, Boxtel, The Netherlands) with 0.2 mL 
plasma input, resulting in a LLQ of 400 copies/mL. During the first 16 weeks 
of antiretroviral therapy pVL was measured more frequently. When pVL de
creased to below 400 copies/mL, an initial input volume in the assay of 2 mL 
plasma was used combined with an ultrasensitive protocol adaptation, re
sulting in a LLQ of 5 copies/mL.25 

Control group 
pVL in EDTA plasma was routinely measured every 12 weeks. After the start 
of antiretroviral therapy, and following a change in regimen, measurements 
were done more frequently for 12 weeks. Before August 1999 pVL was meas
ured using standard HIV-1 RNA assays with a plasma input of 0.1 or 0.2 mL. 
The NASBA HIV-1 QT assay (Organon Teknika, Boxtel, The Netherlands) 
had a LLQ of 1000 copies/mL, and the NucliSens HIV-1 QT assay and Ampli-
cor HIV Monitor (Roche Diagnostic Systems Inc., Branchburg, NJ, USA) had 
a LLQ of 400 copies/mL. After August 1999 ultrasensitive HIV-1 RNA assays 
were used, either the NucliSens HIV-1 QT assay with 2 mL plasma input and 
a LLQ of 40 copies/mL or Quantiplex bDNA 3.0 (Bayer Corporation, Tarry-
town, NY, USA) with 1 mL plasma input and a LLQ of 50 copies/mL. At the 
moment the first patient reached week 48, the assays with a LLQ of 400 
copies/mL were in use. Plasma of the patients fulfilling the selection criteria, 
obtained at 48 and 144 weeks after the start of therapy and at the first avail
able time-point before and after week 144, was re-tested using the NucliSens 
HIV-1 QT assay with 2 mL plasma input combined with the ultrasensitive 
protocol adaptation, resulting in a LLQ of 5 copies/mL. 
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Statistical Analysis 
Data were analysed with SAS version 8.0 (SAS Institute, Cary, NC). Differ
ences between groups were considered significant at P<0.05. All reported P-
values are two-sided. 
Group comparisons of baseline CD4+ T cell counts and pVL were made with 
the Wilcoxon Rank Sum Test. The primary objective of the study was to com
pare low level viremia in both groups during prolonged therapy. We therefore 
compared differences between the alternative multidrug regimen group and 
the control group in pVL, as assessed by ultrasensitive testing (LLQ 5 cop-
ies/mL), at week 48, and at week 144 and the first available time-point before 
and after week 144. 

The number of patients in the two groups with a quantifiable pVL at week 48 
was compared with the Fisher's Exact test. The number of timepoints with a 
quantifiable pVL per patient at and around week 144 (ranging from 0 of 3 to 
3 of 3 measurements per patient) was compared using the Cochran-Armitage 
Trend Test. 

We compared controls with no quantifiable pVL at and around week 144 with 
controls with > 1 sample with quantifiable pVL at and around week 144 for 
the CD4+ T cell count at baseline and week 144, and the pVL at baseline, 
using the Wilcoxon Rank Sum Test. 

Resu l t s 

Thirty control patients were selected from 111 HIV-1 positive antiretroviral 
naive patients who initiated a standard potent antiretroviral regimen be
tween July 1996 and February 1998. Of these 111 patients, 101 had an initial 
virological response as evidenced by an undetectable pVL within 24 weeks 
after starting therapy. After 48 weeks, 66 of 111 patients (60%) and after 144 
weeks, 54 of 111 patients (49%) had not experienced virological failure ac
cording to our criteria. Of these 54 patients 24 had switched to an NNRTI 
containing regimen; 30 patients were still on a standard potent PI containing 
regimen. The initial regimens used in the 30 selected control patients are de
scribed in Table 1. Baseline CD4+ T cell count and pVL were not significantly 
different for the multidrug regimen group and the control group (Table 1). 
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T a b l e 1 Baseline characteristics 

CD4+ T cell count 

(cells/mm3)* 

Plasma HIV-1 RNA 

(logiocopies/mL)* 

ARVT 

(no of patients) 

S t a n d a r d of c a r e 

(n=30) 

100 (40-250) 

4.6 (4.2-5.4) 

ZDV/3TC/IDV 

ZDV/3TC/SQV/RTV 

ZDV/3TC/RTV 

d4T/SQV/RTV 

d4T/3TC/IDV 

d4T/3TC/SQV/NFV 

d4T/3TC/RTV 

d4T/3TC/SQV/RTV 

d4T/ddI/SQV/RTV 

(10) 

(2) 

(1) 

(6) 

(4) 

(3) 

(2) 

(1) 

(1) 

Alternative mult idrug 

reg imen (n=7) 

130 (30-260) 

4.9(4.8-5.1) 

ZDV/3TC/ABC/NVP/IDV 

d4T/ddI/ABC/NVP/IDV 

(6) 

(1) 

P-

va lue 

0.41 

0.34 

"median (interquartile range); ARVT, antiretroviral therapy; ZDV, zidovudine; 3TC, lami-

vudine; d4T, stavudine; ddl, didanosine; ABC, abacavir; NVP, nevirapine; IDV, indinavir; 

RTV, ritonavir; SQV, saquinavir; NFV, nelfinavir 

At week 48, one of the 30 control patients had a quantifiable pVL (550 cop-
ies/mL) using the then available standard assay. Frozen plasma samples 
were available for re-testing in the modified ultrasensitive assay (LLQ 5 
copies/mL) in 23 of the other 29 control patients; 9 of these contained quanti
fiable pVL. Thus, pVL could be quantified (range: 25 to 550 copies/mL) in 10 
of 24 control patients (41.7%), whereas in all ten patients treated with the 
alternative multidrug regimen pVL was below 5 copies/mL (Fisher's Exact 
test, P=0.017). 

At and around week 144, we did three measurements per patient. Of the 3 x 
30 measurements in control patients, seven samples already contained quan
tifiable pVL (range 79-453 copies/mL) using standard assays with an LLQ of 
40, 50 or 400 copies/mL. Five of the 30 patients had switched to an NNRTI 
between week 144 and the first pVL measurement after week 144. In one pa
tient, two samples were not available for re-testing because this patient had 
been enrolled in another study. One of the samples yielded an invalid test re
sult in the modified ultrasensitive assay despite repeated testing. These eight 
measurements were not censored, but considered to be undetectable for the 
purpose of this study. 
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F i g u r e 1 Number of samples with quantifiable and unquantifiable plasma HIV-1 RNA us

ing the modified ultrasensitive HIV-1 RNA assay at and around week 144, in 7 patients 

treated with an alternative multidrug regimen and in 30 patients treated with a standard 

antiretroviral regimen. At and around week 144 three measurements per patient were per

formed. LLQ, lower limit of quantification of the modified ultrasensitive HIV-1 RNA assay (5 

copies/mL). 

At and around week 144, pVL could be quantified either in the standard as
says or in the modified ultrasensitive assay (LLQ 5 copies/mL) at 0 of 3 time 
points in 12 control patients, at 1 of 3 time points in 14 control patients, and 
at 2 of 3 time points in 4 control patients. The measured viremia varied be
tween 13-453 copies/mL. In 6 of 7 patients of the alternative multidrug 
regimen pVL was below 5 copies/mL at all 3 time points around week 144, 
and in one patient a pVL of 21 copies/mL could be quantified at 1 of 3 time 
points. The number of samples with quantifiable pVL per patient differed 
significantly between the two groups (P=0.036, Cochran-Armitage Trend 
Test). 
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Of the 10 control patients with a quantifiable pVL at week 48, pVL could be 
quantified at 0 of 3 time points at and around week 144 in 2 patients, at 1 of 
3 time points in 5 patients, and at 2 of 3 time points in 3 patients. Of the 14 
control patients with a unquantifiable pVL at week 48, pVL could be quanti
fied at 0 of 3 time points in 7 patients, and at 1 of 3 time points in 7 patients 
(P=0.029, Cochran-Armitage Trend Test). 

Control patients were further divided into a subgroup of 12 patients with no 
quantifiable pVL at and around week 144, and a subgroup of 18 patients 
with at least one quantifiable pVL at that moment. The median baseline 
CD4+ T cell count of the 18 control patients with at least one quantifiable 
measurement was lower than that of the other control subgroup (65 
cells/mm3, IQR 30-240 cells/mm3 and 150 cells/mm3, IQR 100-370 cells/mm3, 
respectively; P=0.026, Wilcoxon Rank Sum Test). Both subgroups were com
parable regarding baseline HIV-1 RNA levels, CD4+ T cell count at week 144, 
and the drugs used in the standard regimen at baseline and at week 144 
(data not shown). 

Discussion 

This study demonstrates that the use of a multidrug regimen consisting of 
three different classes of antiretroviral drugs resulted in a stronger suppres
sion of pVL compared to clinically successful treatment with standard potent 
antiretroviral therapy. 

Although this study was not designed as a comparative study from the start 
of therapy, we feel justified to draw conclusions from this comparison. The 
control group was a selection consisting of the most successfully treated pa
tients in our outpatient clinic, who during three years of potent standard 
antiretroviral therapy had not experienced virological failure using strict cri
teria. This makes suboptimal compliance with the medication not a likely ex
planation for the difference in viral suppression between the two groups.28 

Furthermore, we also identified patients who showed virological failure ac
cording to our strict criteria between weeks 48 and 144. These patients were 
excluded from our analyses, but their virological failure might very well have 
been due to ongoing low-level viral replication despite good adherence to 
their standard potent antiretroviral therapy. 

At and around week 144, we did three measurements per patient. Testing 
plasma samples with a concentration of HIV-1 RNA below the LLQ of a modi
fied ultrasensitive assay can still yield a positive test result. For instance. 
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using an ultrasensitive assay with a LLQ of 3 copies/mL, the chance of de
tecting HIV-1 RNA in plasma samples containing 10, 5, 2.5, and 1.25 cop-
ies/mL was 100, 100, 91 and 55%, respectively.13 Therefore, the chance of de
tecting pVL below the LLQ can be increased by repeated testing of the same 
blood sample. We preferred measurements of blood samples obtained at dif
ferent timepoints instead of repeated measurements of the same sample, as 
by doing so we also allowed for the detection of a possible day-to-day varia
tion in pVL. 

The fact that we were able to demonstrate a significantly higher level of 
plasma viremia in these highly selected control patients is indicative for the 
presence of ongoing low-level viral replication in the majority of patients us
ing so called potent antiretroviral therapy despite undetectable pVL using 
standard assays. The clinical implication of ongoing viral replication is first 
of all the risk of continued viral evolution and the selection of resistance mu
tations, which has been described to occur even in patients with undetectable 
pVL.9-21-23-24 Ongoing low-level viral replication might in the long run lead to 
therapeutic failure. A decrease over time in the percentage of patients with 
pVL below 50 copies/mL, from 75% after one year to 65% after three years of 
triple therapy, has recently been described.1 One possible explanation for this 
late virological breakthrough may be the development of viral drug resis
tance during ongoing low-level viral replication. Although it is currently not 
known what degree of virological suppression is necessary to ensure a long-
term response, it has been demonstrated that the risk of virological failure 
was substantially reduced for chronically infected patients whose plasma 
HIV-1 RNA nadir was below 20 copies/mL.29 

Further, the presence of a cellular reservoir consisting of resting memory 
CD4+ T lymphocytes harbouring replication-competent virus despite pro
longed potent antiretroviral therapy represents a major barrier for eradica
tion of HIV.4"7 In treated patients with undetectable pVL the mean half-life of 
this pool of latently infected memory CD4+ lymphocytes has been estimated 
to be 6 to 43.9 months, leading to a theoretical time for eradication of HIV by 
antiretrovirals alone of 10-60 years.8-9 The difference in decay rate has been 
attributed to differences in suppression of pVL, since individuals who experi
enced episodes of plasma viremia had a slower decay rate of their cellular 
reservoir.12 So, the persistence of the cellular reservoir during prolonged 
treatment is not only determined by its intrinsic slow decay characteristics, 
but also by continuing replenishment in case of active viral replication. In 
line with this is the observed more rapid decay of the cellular reservoir fol-
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lowing treatment intensification with ABC ± efavirenz in five patients com
pared to five other patients whose therapy was not intensified.30 

The question is whether the improved suppression of viral replication should 
be explained by more drugs or by more classes of drugs used. A possible 
mechanism for the improved suppression of viral replication using the alter
native multidrug regimen is that the presence of more reverse transcriptase 
inhibitors results in stronger inhibition of the reverse transcription of HIV-1 
RNA. Furthermore, sub-optimal penetration of antiretroviral drugs into ana
tomical (e.g. the brain and male genital tract) and cellular sites might result 
in only partial suppression of viral replication in these sites in the case of 
standard of care therapy. In the multidrug regimen, the drugs were selected 
because of their known good penetration into these anatomical sites.26-31"33 

When assuming that combination therapy does not completely block infection 
of new cells, but rather results in a decrease of the amplitude of ongoing HIV 
infection cycles, the use of more antiretroviral drugs could further reduce the 
size and frequency of these local bursts of viral replication.34 

A quantifiable pVL at week 48 was predictive of residual viral replication 
around week 144. Also, a low baseline CD4+ T cell count was predictive for 
residual replication, despite comparable CD4+ T cell counts at week 144 for 
patients with and without quantifiable low-level viral replication. The rela
tion between a high baseline CD4+ T cell count and stronger suppression of 
viral replication during standard antiretroviral therapy has been demon
strated earlier.13-35 An explanation might be that in chronically HIV-1 in
fected patients with advanced immunosuppression the capacity to restore a 
functional HIV-1 specific cytotoxic T-lymphocyte response is diminished.36 

Administration of a multidrug regimen may compensate for this diminished 
HIV-1 specific immunity in such advanced patients. 

In conclusion, the use of a multidrug regimen consisting of three different 
classes of antiretroviral drugs resulted in a further reduction of pVL com
pared to treatment with standard potent antiretroviral therapy. This pro
vides evidence that ongoing low-level viral replication during standard ther
apy is at least partially due to limited potency of the currently used drug 
regimens. It is evident that further long-term follow-up studies are required 
to answer the important question whether the advantages of improved viral 
suppression by this multidrug regimen outweigh the disadvantages of addi
tional toxicity and costs of using more antiretroviral agents. 
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Chapter 9 

Abs t r ac t 

For a number of antiretroviral drugs, prolonged suppression of viral replica
tion is related to drug exposure. Therefore, it is important to maintain stable 
concentrations during prolonged therapy. While studies suggest that saqui
navir concentrations decrease over time, we show that concentrations of zi
dovudine, stavudine, lamivudine, abacavir, and nevirapine in serum and 
cerebrospinal fluid are stable during two years of therapy. 
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In t roduc t ion 

With the advent of currently available combination antiretroviral therapy 50-
80% of HIV-1 infected patients maintain undetectable plasma HIV-1 RNA 
levels after one year of therapy.1'2 However, the percentage of patients with 
plasma HIV-1 RNA levels below 50 copies/mL decreased from 75% after one 
year to 65% after three years of triple therapy.2 It is not clear how this late 
virological breakthrough in patients on stable antiretroviral therapy should 
be explained. One possible explanation might be sub-optimal drug concentra
tions, due to decreased adherence to antiretroviral therapy over time or due 
to a gradual decrease in antiretroviral drug concentrations over time despite 
good adherence.34 For instance, plasma concentrations of the protease inhibi
tor (PI) saquinavir have been shown to decrease substantially over time.3'4 As 
the exposure to Pis has been linked to virological success and toxicity, regu
lar monitoring of PI concentrations, even in apparently compliant patients, is 
suggested to become part of routine patient care.511 The exposure to non-
nucleoside reverse transcriptase inhibitors (NNRTIs) has also been linked to 
efficacy and toxicity.1215 Recent clinical trials showed that for nevirapine 
(NVP) steady state concentrations above 3.4 ug/mL are necessary for long-
term virological suppression.14'15 The clinical utility of measuring plasma 
concentrations of nucleoside reverse transcriptase inhibitors (NRTIs) has not 
been established yet. NRTIs require intracellular phosphorylation to exert 
their antiretroviral activity. The measurement of intracellular triphosphate 
anabolite concentrations is technically complicated and currently only avail
able in research laboratories. The relationship between extracellular drug 
concentrations and intracellular phosphorylation is complex and the correla
tion between serum concentrations and intracellular triphosphate concentra
tions is weak or absent.1621 Nevertheless, availability of extracellular drugs 
is a prerequisite for subsequent phosphorylation of NRTIs. 

Data available show that plasma zidovudine (ZDV) and lamivudine (3TC) 
concentrations are stable between weeks 2 and 28 of therapy.22 As data on 
RTI concentrations in blood and cerebrospinal fluid (CSF) during prolonged 
antiretroviral therapy are missing, we evaluated whether the concentrations 
of the NRTIs ZDV, stavudine (d4T), 3TC, abacavir (ABC), and the NNRTI 
nevirapine (NVP) in serum and CSF showed clinically relevant changes 
during two years of stable therapy. 
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P a t i e n t s and Methods 

Fifteen HIV-1 infected men, aged 31- 60 years, were treated with ZDV (300 
mg twice daily (bid)) (or d4T (40 mg bid)), 3TC (150 mg bid), ABC (300 mg 
bid), NVP (200 mg bid, after a 2-week lead-in of 200 mg once daily), and 
indinavir (IDV)(1000 mg three times daily).2324 All but one patient were 
therapy naive at the start of treatment. In two patients ABC and NVP were 
stopped because of hypersensitivity reactions. In five patients ZDV was 
changed to d4T during the course of therapy because of toxicity. In four pa
tients the NVP dosage was temporarily changed from 200 mg twice daily to 
400 mg once daily. Since IDV dosages were adjusted in case of sub
therapeutic drug concentrations as has previously been described,24 it was 
not considered stable therapy and therefore IDV was not included in the pre
sent study. 

A serum pharmacokinetic profile was obtained at weeks 8, 24, 48, 72 and 96. 
Blood was collected prior to drug administration (t=0h) and at 1, 2, 4, 6, 8 
and 10 hours thereafter. Serum was obtained by centrifugation at 4°C for 20 
minutes at 1600g. A cerebrospinal fluid (CSF) sample was collected 1 hour 
after taking the drugs, at weeks 8, 24, 48 and 96. All samples were stored at 
-70°C until analysis. The study was approved by the Medical Ethics Commit
tee of our hospital and informed consent was obtained from all patients. 

Concentrations of ZDV, d4T, 3TC, ABC, and NVP in serum and CSF were 
measured using high-performance liquid chromatography or radioimmunoas
say (ZDV, d4T).25"27 The lower limit of quantification for ZDV, d4T, 3TC, 
ABC, and NVP in serum was 2.5, 20, 20, 18, and 25 ng/mL, respectively, and 
in CSF 2.5, 20, 20, 5, and 5 ng/mL, respectively. 

The serum concentration (C) versus time (t) data were analysed by noncom-
partmental methods.28 The highest observed concentration was defined as 
peak concentration (Cmax) and the values for Ci2h and C24h were defined as 
trough concentrations (Cmin) for the twice daily and once daily dosing, respec
tively. The terminal, log-linear period (log C versus t) was defined by the last 
data points (N>3) by visual inspection. The absolute value of the slope 
((3/2.303) was calculated by least squares linear regression analysis. The con
centrations at 12h and 24h after ingestion of the drugs were calculated using 
the equation Ci2h=Cioh * ep<tl2tl°) and C24h=Cioh * ef><t24-t10» in the twice daily 
and once daily regimen, respectively. The area under the serum concentra
tion versus time curve from 0-12h (AUC [o-i2h]) and 0-24h (AUC [o-24h]) in the 
twice daily and once daily regimen, respectively, were calculated by applying 
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the trapezoidal rule from 0-12 h and 0-24 h, respectively. The NVP AUC [o-24h] 
in the twice-daily regimen was calculated by multiplying the AUC [o-i2h] by 
two. 

Pharmacokinetic parameters from weeks 8 to 96 were loge-transformed to 
approximate normal distribution. 
For the four patients who temporarily used NVP 400 mg once daily, only the 
AUC[o-24h] was included in the analyses, as the daily exposure to NVP as 
measured by the AUC[o-24h] is not different in a 400 mg once daily or a 200 mg 
twice daily dosing regimen.29 

To assess changes over time and within- and between-patient variability in 
Cmin,, Cmax, AUC[0-i2h] or [o-24h], and CSF concentrations of the five drugs, ran
dom linear growth modelling was applied. To assess the most appropriate 
way to describe these data, two models within the random linear growth 
modelling procedure were used. The first being the intercept and slope 
model, in which intercept and slope were included as random effects (random 
slope model). This resulted in estimates of individual intercepts and slopes. 
The second model estimated only each patient's intercept (random intercept 
model), assuming all patients having identical slopes. The fit of the second 
model was compared to the first using a log-likelihood ratio test. If the ran
dom slope model did not have a significantly (P < 0.05) better fit, the simpler 
random intercept model was used. 

The calculated slope represents the change in logo-transformed pharmacoki
netic parameters over time. The intercept is the intersection of each patient's 
slope and the Y-axis. The within-patient variability in both models is the de
viation of the pharmacokinetic parameters obtained at different timepoints 
from each patient's individual slope. The between-patient variability in the 
random intercept model is expressed by the variability in intercepts. In the 
random slope model, the between-patient variability is not only given by the 
variability in intercept, but also by the variability in slope. Data were ana
lysed using the SAS software package (version 8.0, SAS Institute, Cary, 
North Carolina, USA). 

Resul ts 

For all but five pharmacokinetic parameters the random intercept model was 
found to be adequate. For the Cmax of 3TC, and the concentration of NVP in 
CSF the random slope model showed a significantly better fit. For three pa
rameters (AZT Cmin and Cmax, and NVP Cmin), the random linear growth 
model could not be fitted due to small sample size and/or large variability. 
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Stable drug concentrations in serum and CSF 

Nearly all parameters were relatively stable during two years of therapy. 
The change over time varied from -0.97 to 0.57 % per week, with only the 
ABC AUC[o-i2h] decreasing statistically significant over time (-0.41 % per 
week, 95% CI: -0.75 - -0.07 % per week)(Table 1). The within-patient and be
tween-patient variability of Cmin, Cmax,, AUC[o-i2hj or [o-24h], and CSF are de
scribed in Table 1. In the case of a between-patient variability of 0%, all vari
ability can be explained by the within-patient variability. 

Conclusion 

This study demonstrated that for most of the pharmacokinetic parameters 
the within-patient variability was higher than the between-patient variabil
ity. Furthermore, the pharmacokinetic parameters of ZDV, d4T, 3TC, ABC, 
and NVP in blood and CSF do not change during prolonged therapy, sug
gesting that altered bioavailability and/or clearance of these drugs do not ex
plain decreased virological efficacy during prolonged therapy. So, if decreased 
efficacy is caused by less exposure to NRTIs, the mechanism might be de
creasing intracellular phosphorylation during prolonged antiretroviral ther
apy.30-31 
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List of abbrev ia t ions used 

ABC abacavir 
CNS central nervous system 
CSF cerebrospinal fluid 
CTL cytotoxic T lymphocyte 
d4T stavudine 
EFV efavirenz 
IDV indinavir 
IP-10 interferon-y-inducible protein-10 
LLQ lower limit of quantification 
LMNC lymph node mononuclear cells 
MCP-1 monocyte chemoattractant protein-1 
MPA mycophenolic acid 
NFV nelfinavir 
NNRTI non-nucleoside reverse transcriptase inhibitor 
NRTI nucleoside analogue reverse transcriptase inhibitor 
NVP nevirapine 
PBMC peripheral blood mononuclear cells 
PI protease inhibitor 
RTV ritonavir 
STI structured treatment interruption 
sTNFr-II soluble tumor necrosis factor receptor 
SQV saquinavir 
ZDV zidovudine 
3TC lamivudine 
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Summary and Conclusions 

Treatment of HIV-1 infected patients with the currently used highly active 
antiretroviral therapy ("HAART"), consisting of three or more antiretroviral 
drugs, can produce profound suppression of viral replication, with reduction 
of plasma HIV-1 RNA levels to below the limit of detection for at least three 
years.1 3 However, with the available antiretroviral drugs eradication of the 
virus from an infected person is not possible. Despite sustained suppression 
of HIV-1 RNA in plasma several obstacles to such eradication can be identi
fied: (1) the presence of anatomical reservoirs for HIV, (2) the persistence of 
latently infected, resting CD4+ T cells, and (3) ongoing low-level viral replica
tion (Introduction). 

An important obstacle for eradication of HIV from an infected person 
is the presence of ana tomica l r e se rvo i r s for HIV.48 Potential anatomical 
reservoirs are the CNS, the retina and the male genital tract. In these tissues 
a biological barrier (the blood-brain barrier and blood-testis barrier, respec
tively) prevents the free exchange of drugs between blood and tissue.9 Sub-
optimal concentrations of antiretroviral drugs in anatomical reservoirs could 
allow continuing production of HIV-1 and the emergence of drug-resistant 
HIV-1 strains, despite adequate plasma drug concentrations and systemic 
virological efficacy.1017 At the time of the initiation of the studies described in 
this thesis, only limited data on the penetration of antiretroviral drugs into 
the CNS and male genital tract were available.1829 Especially concentrations 
of the Pis in the CSF and seminal plasma appeared to be undetectable or 
lower than desired.2426'28"30 

In Chapter 2, 3, and 4 studies on the penetration of IDV, NVP, and ABC 
into the male genital tract and/or the CNS are described. Chapter 2 de
scribes the serum pharmacokinetic profile and the penetration of IDV into 
the male genital tract and the CNS with or without low-dose RTV. In con
trast to the Pis RTV, NFV and SQV, IDV penetrated well into the male geni
tal tract, and we confirmed the ability of IDV to penetrate into the 
CNS.21-28-29 Furthermore, the addition of low-dose RTV not only increased 
IDV concentrations in serum but also in seminal plasma and CSF, thereby 
probably improving the potency of the regimen in these anatomical HIV res
ervoirs. Higher IDV serum trough levels alone could not sufficiently explain 
the observed increases in seminal plasma and CSF concentrations after the 
addition of RTV. Therefore, RTV appeared to influence the IDV concentra
tions in seminal plasma and CSF independent from its effect on the IDV se
rum concentrations. This suggests that RTV can influence the penetration of 
a drug through the blood-brain barrier or the blood-testis barrier, in which its 
inhibitory effect on the P-glycoprotein mediated drug efflux through these 
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anatomical barriers possibly plays a key role (see Introduction, section 
3.3).31 

Several factors make the interpretation of drug concentrations in seminal 
plasma difficult. First of all, it is largely unknown whether drug concentra
tions in seminal plasma vary during a dosing interval. Furthermore, human 
ejaculate is composed of secretions from the testis, the prostate, and the 
seminal vesicles, all of which have their own physiological characteristics. 
Therefore, the final concentration of a drug in the ejaculate does not neces
sarily reflect the concentration of the drug in the various compartments of 
the male genital tract. Chapter 3 describes a study evaluating the pharma
cokinetic profile of NVP and IDV in seminal plasma during the dosing inter
val. To determine whether NVP and IDV penetrate all compartments of the 
male genital tract we also investigated, using the split ejaculate technique, 
the penetration of NVP and IDV in fluids originating from the testis/prostate 
and from the seminal vesicles.32 NVP and IDV concentrations in seminal 
plasma were dependent on the time after drug ingestion, and paralleled the 
blood plasma pharmacokinetics during the dosing interval, which is in con
t ras t to previously described relatively stable ZDV and 3TC concentrations in 
seminal plasma.20'33 It is therefore not justified to use drug concentrations of 
NVP and IDV in a random semen sample as a measure of exposure without 
taking into account the time of drug ingestion. Furthermore, our data sug
gested that NVP and IDV achieve therapeutic concentrations in both tes
tis/prostate and seminal vesicles throughout the dosing interval. 
The good penetration of the NRTI ABC into seminal plasma is described in 
Chapter 4. In contrast to the NRTIs ZDV and 3TC, ABC concentrations in 
seminal plasma were not consistently higher than blood plasma concentra
tions throughout the dosing interval,2027'33 suggesting that ABC does not ac
cumulate in the seminal plasma. 

Efficacy of antiretroviral therapy in the CNS is monitored by measuring HIV-
1 RNA levels in the CSF. Markers of local inflammation (chemokines) in the 
CSF might provide additional information on residual HIV-1 replication in 
the brain during antiretroviral therapy. In Chapter 5 we describe concentra
tions of sTNFr-II and the chemokines MCP-1 and IP-10 in the peripheral 
blood and CSF of 26 HIV-1-positive patients using antiretroviral therapy 
regimens with increasing potency: RTV/SQV (n=5), RTV/SQV/d4T (n=8) or 
ZDV/3TC/ABC/NVP/ IDV (n=13). After 8 to 12 weeks of treatment, peripheral 
blood HIV-1 RNA levels were <400 copies/mL in 2 of 5 patients in the 
RTV/SQV group, in 6 of 8 patients in the RTV/SQV/d4T group, and in 10 of 
13 patients in the five-drug group. At weeks 8 to 12, 9 of 10 patients in the 
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five-drug group reached a CSF HIV-RNA <400 copies/mL, compared with 8 of 
8 patients in the RTV/SQV/d4T group and only 1 of 5 patients in the 
RTV/SQV group. RTV and SQV do not penetrate into the CNS, and sub-
optimal antiretroviral drug concentrations in the CNS thus allowed continu
ing HIV-1 replication.26 CSF sTNFr-II and IP-10 levels increased in patients 
with detectable CSF HIV-1 RNA and decreased in most patients who reached 
an undetectable CSF HIV-1 RNA during treatment. However, in some pa
tients with good CSF HIV-1 RNA responses, increases in CSF chemokine and 
sTNFr-II concentrations were observed. Moreover, after an initial decline in 
CSF MCP-1 levels during the first 8 to 12 weeks, a significant increase was 
observed between weeks 8 and 48 in the three groups, which was much less 
pronounced in serum. All these patients had CSF HIV-1 RNA levels lower 
than the LLQ at week 48. Ongoing, residual HIV replication in the CNS, 
which cannot be detected with CSF HIV-1 RNA measurements, may account 
for the observed discordance between HIV-1 RNA and sTNFr-II and chemo
kine concentrations during antiretroviral therapy. 

These and other studies demonstrate that many of the currently available 
drugs penetrate well into the male genital tract and CNS (see Introduction, 
Table 1). The importance of using an antiretroviral regimen consisting of 
drugs with proven therapeutic concentrations in these anatomical reservoirs 
was emphasised in several studies demonstrating the emergence of distinct 
HIV-1 strains in the CNS or male genital tract versus the blood during 
antiretroviral therapy. 10-12,15-17.34 Therefore, when developing new drugs the 
ability of the drug to penetrate into these anatomical reservoirs should be in
vestigated. 

The persistence of a cellular reservoir consisting of resting 
memory CD4+ T lymphocytes harbouring replication-competent virus, despite 
prolonged potent antiretroviral therapy, represents a major barrier for eradi
cation of HIV. In treated patients with undetectable plasma virus levels the 
mean half-life of the pool of latently infected memory CD4+ T lymphocytes 
was calculated to be 6 to 43.9 months, leading to a theoretical time for eradi
cation of HIV by antiretrovirals alone of 10-60 years.35-36 One strategy to in
crease the turnover rate of this reservoir might be the activation of these 
cells, in the continued presence of antiretrovirals to prevent re-infection of 
activated cells. Activation may lead to apoptosis,37'38 or to virus replication 
within these cells resulting in cell lysis either by a direct cytopathic effect or 
through immune mediated killing. Activation might be accomplished by the 
use of OKT3, which also activates resting T cells by binding the TCR com
plex. Chap te r 6 and 7 describe a pilot study in which three HIV-1 positive 
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patients on potent antiretroviral therapy, in whom plasma HIV-1 RNA levels 
had been suppressed to below 5 copies/mL for at least 26 weeks, were treated 
with a combination of OKT3 (days 1-5 and 15-19) and recombinant human 
IL-2 (days 2-6, 16-20). The side effects during the first cycle of OKT3/IL-2 
consisted of fever, headache, nausea, diarrhoea, and in one of the patients 
transient renal failure and seizures. Because of the severe side effects two 
patients refused a second OKT3/IL-2 cycle. 

The regimen indeed resulted in profound T cell activation and proliferation, 
as evidenced by a strong but transient release of plasma cytokines and che-
mokines, an increase to almost 100% of the percentage CD4+ and CD8+ T 
cells in the blood expressing the activation marker CD38, and in lymph nodes 
a ten-fold increase in the number of dividing (Ki-67+) cells and increased 
numbers of apoptotic cells. The goal of this T cell activation was to induce 
HIV-1 replication in latently infected cells, thereby 'flushing out' the latent 
cellular reservoir. In one patient plasma HIV-1 RNA transiently increased, 
with a peak of 1500 copies/mL at day 5 of the OKT3/IL-2 protocol. In the 
other two patients plasma HIV-1 RNA levels remained below the detection 
limit, but HIV-1 RNA levels in the lymph nodes increased two- to threefold. 
However, one or two cycles of OKT3/IL-2 failed to result in measurable 
purging of the cellular reservoir. Moreover, all patients rapidly developed an
tibodies against the mouse monoclonal OKT3, which significantly reduced its 
immunostimulatory effects during the subsequent cycle. 

During the OKT3/IL-2 treatment, a depletion of CD4+ T cells in peripheral 
blood and lymph nodes occurred, which was followed by a long lasting deple
tion of CD4+ T cells in peripheral blood, suggesting a physical deletion of 
these cells. Increases in CD4^ T cell numbers during the two years of follow-
up were mainly due to increased memory T cell numbers. CD8+ T cells were 
also depleted in the blood, but less severely in lymph nodes, and returned to 
baseline levels within several weeks. This long-lasting depletion of CD4+ T 
cells may be considered a contraindication for future exploration of this 
therapeutic approach in a disease in which CD4+ T cell depletion is an impor
tant feature. 

At the time of this pilot study, the possibility of re-feeding of the cellular res
ervoir due to ongoing "low-level" replication during potent antiretroviral 
therapy was not considered. Unfortunately, during the past years several 
studies have provided evidence that there is residual viral replication during 
potent antiretroviral therapy (see below),36-39-62 and the decay of the latent 
reservoir is inversely correlated with the extent of residual replication.43 

Consequently, the use of immune activation protocols to purge the cellular 
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reservoir should only take place during 100% suppression of viral replica
tion.63 

An important question is thus whether the suppression of viral rep
lication during standard potent antiretroviral therapy can be improved 
upon. In many patients with undetectable plasma HIV-1 RNA levels using 
standard assays, a low level of HIV-1 RNA in plasma (1 - 20 copies/mL), ex
pression of viral RNA in lymphoid tissue, and unintegrated circular forms of 
viral DNA or HIV-1 mRNA in peripheral blood mononuclear cells (PBMC) 
could still be detected (see Introduction, section 5).36,39-62 jf ^ e measured 
HIV-1 RNA, mRNA or unintegrated DNA represent truly ongoing viral repli
cation, this would be worrisome, as it may allow for the selection of resis
tance mutations, with the fear of subsequent therapeutic failure.36,42,57,59 j n _ 
deed, during potent antiretroviral therapy successfully suppressing plasma 
HIV-1 RNA to below 50 copies/mL, new drug resistance mutations were dem
onstrated in minority populations of viruses cultured from blood cells.58 The 
question is whether more potent antiretroviral therapy might reduce this re
sidual replication. 

A possible approach to address this question is measuring viral replication 
using ultrasensitive HIV-1 RNA assays in patients who have been success
fully treated with antiretroviral regimens with different potencies. We there
fore compared 30 patients successfully treated with a standard of care regi
men consisting of two different classes of antiretroviral drugs with 7 patients 
treated for 3 years with a multidrug regimen consisting of three different 
classes (Chapter 8). We have demonstrated earlier that the alternative mul
tidrug regimen resulted in a more rapid initial plasma HIV-1 RNA decline 
than a standard of care regimen, which suggested that viral suppression by a 
standard triple-drug therapy can be improved upon.64 The 30 controls were 
chronically HIV-1 infected patients, who were antiretroviral naive at the 
time they initiated a standard potent antiretroviral regimen consisting of 2 
NRTIs plus 1 or 2 Pis, or 1 NRTI plus 2 Pis. They were on such regimen for 
at least 3 years, and were not allowed to have experienced virological failure 
during the 144 weeks of follow-up. To detect low-level plasma viremia, 
plasma samples obtained at week 48 and at three different time points after 
three years of therapy were re-tested with a modified ultrasensitive HIV-1 
RNA assay with an LLQ of 5 copies/mL.64 Baseline CD4+ T cell count and 
plasma HIV-1 RNA level were not statistically significant different for the 
multidrug regimen group and the control group. At week 48, plasma HIV-1 
RNA could be quantified (range: 25 to 550 copies/mL) in 10 of 24 control pa
tients (41.7%), whereas in all ten patients treated with the alternative multi
drug regimen plasma HIV-1 RNA was below 5 copies/mL (Fisher's Exact test, 
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P=0.017). After three years of therapy, plasma HIV-1 RNA could be quanti
fied (range: 13-453 copies/mL) at 0 of 3 time points in 12 control patients, at 1 
of 3 time points in 14 control patients, and at 2 of 3 time points in 4 control 
patients. In 6 of 7 patients of the alternative multidrug regimen plasma HIV-
1 RNA was below 5 copies/mL at all 3 time points around week 144, and in 
one patient plasma HIV-1 RNA was quantifiable at 1 of 3 time points (21 
copies/mL). The number of time points with quantifiable plasma HIV-1 RNA 
per patient differed statistically significant for the two groups (P=0.036, 
Cochran-Armitage Trend Test). Furthermore, as has been described earlier, a 
low baseline CD4+ T cell count was predictive of quantifiable low-level viral 
replication in the control patients, but not in the multidrug patients.39-46 The 
main conclusion of this study is that viral suppression can be improved upon. 
A possible mechanism for the improved suppression of viral replication using 
the alternative multidrug regimen might be that the presence of more re
verse transcriptase inhibitors results in stronger inhibition of the reverse 
transcription of HIV-1 RNA. Furthermore, suboptimal penetration of antiret-
roviral drugs into anatomical (e.g. the brain and male genital tract) and cel
lular sites might result in only partial suppression of viral replication in 
these sites in the case of standard of care therapy. In the multidrug regimen, 
the drugs were selected because of their known good penetration into these 
anatomical sites. 18.22.23.33,65-69 

Intensification of therapy with drugs with other mechanisms of action might 
result in further improved or even complete suppression of viral replication. 
HIV-1 entry consists of 3 steps that provide promising targets for antiretrovi-
ral therapy: the attachment of the HIV-1 surface glycoprotein gpl20 to CD4 
cells, the interaction of the gpl20-CD4 complex with the coreceptor CCR5 or 
CXCR4, and membrane fusion mediated by the HIV-1 transmembrane glyco
protein gp41. Inhibitors of attachment, fusion, and coreceptor binding are re
ferred to as entry inhibitors. Currently, inhibitors of viral attachment or viral 
fusion (gpl20-CD4 attachment inhibitors (PRO 542) and gp41 fusion inhibi
tors (T-20), respectively), and virion-coreceptor binding antagonists 
(CCR5/CXCR4-inhibitors) are being developed.7073 Another target for the de
sign of antiretroviral drugs is the inhibition of HIV-1 integrase.7477 

The question is whether intensification of therapy would affect the decay rate 
of the latent cellular reservoir. Intensification with ABC + EFV in five pa
tients resulted in a more rapid decay of the cellular reservoir compared to 
five other patients whose therapy was not intensified.78 

Also, strategies that interfere with lymphocyte activation are currently in
vestigated. For example, MPA, a selective inhibitor of the de novo synthesis 
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of guanosine nucleotides in T and B lymphocytes, in vivo and in vitro inhibits 
proliferation and induces apoptosis and cell death in a large proportion of ac
tivated CD4+ T lymphocytes. In addition, MPA in vitro inhibits viral replica
tion by depleting the substrate (guanosine nucleotides) for reverse transcrip
tase, thereby potentiating the antiretroviral activity of guanosine analogues 
such as ABC. 7 9 8 1 In conclusion, in vitro MPA inhibits HIV infection by sev
eral mechanisms.80 In vivo, MPA reduced in treated HIV-1 infected patients 
with undetectable plasma HIV-1 RNA levels the pool of HIV-1 infected CD4+ 

T cells including the pool of latently infected, resting CD4+ T cells.80 The in
hibition of T cell activation could be the main mechanism for the accelerated 
decay of the cellular reservoir, by interfering with re-feeding of the cellular 
reservoir. 

The size of the pool of resting CD4+ T cells containing replication competent 
HIV-1 in the blood of patients receiving intermittent IL-2 plus potent antiret
roviral therapy was significantly lower than that of patients receiving potent 
antiretroviral therapy alone.82 Moreover, in 3 of 14 patients receiving IL-2 
plus potent antiretroviral therapy, replication-competent virus could not be 
isolated from resting CD4+ PBMC even when large numbers of cells were cul
tured. In 2 of these 3 patients, replication competent virus was also not de
tectable in LMNC, despite culture of large numbers of LMNC. However, de
spite the absence of detectable replication-competent HIV rapid emergence of 
plasma HIV-1 RNA was observed in both patients when antiretroviral ther
apy was discontinued, clearly demonstrating that eradication of HIV was not 
achieved.8384 In addition, a lack of correlation between the kinetics of viral 
rebound in plasma after discontinuation of therapy and the size of the pool of 
latently infected CD4+ T lymphocytes before discontinuation of therapy in 
HIV-1 infected patients with a history of sustained viral suppression has 
been demonstrated.84 Furthermore, the genotypes of virus cultured from 
latently infected, resting CD4+ T cells of 6 patients, whose viral replication 
had been successfully suppressed for prolonged periods of time, were com
pared with the genotypes of rebounding plasma virus after discontinuation of 
treatment. In 4 of these patients, the replication competent HIV derived from 
the pool of latently infected, resting CD4+ T lymphocytes was genetically dif
ferent from the initial rebounding plasma virus.85 This indicates that, al
though the cellular reservoir is a potentially important source of rebounding 
plasma HIV, it is not the sole source of viral rebound after discontinuation of 
therapy in the majority of patients, indicating that other viral reservoirs, e.g. 
anatomical reservoirs, are contributing to the initial re-emergence of plasma 
viremia after cessation of antiretroviral therapy. 
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Issues of adherence, and short-term and long-term toxicity compromise the 
possibilities for further intensification of antiretroviral therapy. Another 
strategy to increase suppression of viral replication might be the enhance
ment of HIV-specific cellular and humoral immunity, either by therapeutic 
vaccination or STI. The current challenge for HIV vaccine design is the de
velopment of vaccines able to elicit both stronger cellular immune responses 
(CD4+ T-helper cell responses and CTL activity), and broader neutralising 
antibody responses against genetically diverse viral species. Several vaccine 
studies are being undertaken in humans and macaques, but to date vaccines 
in humans have not resulted in a significant clinical benefit or immunological 
control of HIV replication.8688 The best studied vaccine thus far is Remune, 
chemically and physically inactivated HIV-1 depleted of gpl20 and gpl60, 
that resulted in marked CTL responses when administered to humans.8 9 9 2 

DNA vaccination yielded encouraging data in monkeys, but this has not yet 
been repeated in humans.93-94 

STI with the objective of boosting HIV specific immunity has been attempted 
in both acute and chronic HIV-1 infected patients. Initiation of antiretroviral 
therapy during primary infection resulted in improved HIV-1 specific T 
helper-cell responses and HIV-1-specific CTL responses.95 STI in these pa
tients further increased these immune responses and a proportion of these 
patients was subsequently able to control plasma viremia without further 
antiretroviral therapy.9698 However, the durability of this control is not yet 
known. The results of STI in patients who initiated antiretroviral therapy 
during chronic infection have been less consistent and less promising.8499102 
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Besmetting met het human immunodeficiency virus (HIV) resulteert in een 
progressieve achteruitgang van het immuunsysteem, met name door een da
ling van het aantal CD4+ T lymfocyten. Hierdoor kunnen allerlei bacteriën, 
schimmels en virussen, waartegen een mens met een normale afweer goed 
bestand is, ziekten veroorzaken. Op het moment dat een HlV-geïnfecteerde 
patiënt een dergelijke infectie krijgt, wordt gezegd dat de patiënt AIDS (ac
quired immunodeficiency syndrome) heeft. Met de sinds 1996 beschikbare 
combinatietherapie, bestaande uit minimaal 3 verschillende antiretrovirale 
medicijnen, kan de vermenigvuldiging van het virus in het lichaam van een 
HlV-geïnfecteerde patiënt sterk geremd worden, wat resulteert in een on
meetbaar laag aantal virusdeeltjes (HIV-1 RNA kopieën) in het bloed en een 
herstel van het immuunsysteem (stijging van het aantal CD4+ T cellen). 
Hiermee is de kans op progressie naar AIDS en overlijden ten gevolge van 
zogeheten AIDS-definiërende ziekten enorm afgenomen. Met behulp van 
wiskundige berekeningen werd in 1997 geschat dat er na 2 tot 3 jaar behan
deling met de krachtige combinatietherapie geen virus meer in het lichaam 
van een HIV-geïnfecteerd e patiënt aanwezig zou zijn. Hierbij werd er vanuit 
gegaan dat er geen "schuilplaatsen" voor het virus waren waar de antiretro
virale medicijnen niet of minder goed zouden kunnen doordringen, én dat de 
combinatietherapie de virusreplicatie volledig zou remmen. Het is tot nu toe 
echter ondanks krachtige antiretrovirale therapie, resulterend in een lang
durige onderdrukking van de virusreplicatie met onmeetbaar lage HIV-1 
RNA concentraties in het bloed, niet mogelijk gebleken het virus geheel uit 
het lichaam van een HlV-geïnfecteerde patiënt te verwijderen ("eradicatie"). 
Er zijn diverse obstakels die deze eradicatie verhinderen: (1) de aanwezigheid 
van "anatomische reservoirs" voor HIV, (2) het persisteren van een latent-
geïnfecteerd cellulair reservoir en (3) voortgaande "low-level" virusreplicatie 
( In t roduct ie ) . 

Een belangrijk obstakel voor eradicatie van het virus is de aanwezig
heid van zogenaamde "anatomische reservoirs".48 Mogelijke anatomische re
servoirs zijn het centraal zenuwstelsel (CZS), de retina en het mannelijk ge
nitaalstelsel. In deze weefsels wordt de vrije uitwisseling van medicijnen tus
sen bloed en weefsel verhinderd door de aanwezigheid van een biologische 
barrière (bloed-hersenbarrière en bloed-testisbarrière).9 Dit kan resulteren in 
sub-optimale medicijnconcentraties in deze "anatomische reservoirs", waar
door de virusreplicatie kan doorgaan en medicijn-resistente virusstammen 
kunnen ontstaan, ondanks therapeutische medicijnconcentraties in het bloed 
met effectieve onderdrukking van de virale replicatie.1017 Op het moment dat 
de in dit proefschrift beschreven studies gestart werden, was er slechts wei
nig bekend over de penetratie van antiretrovirale medicijnen in het CZS en 
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het mannelijk genitaalstelsel.18'29 De concentraties van de proteaseremmers 
in het hersenvocht (liquor) en seminaal plasma (sperma) leken onmeetbaar 
laag of lager dan gewenst.24-26,28-30 

In Hoofdstuk 2, 3 en 4 is gekeken naar het vermogen van drie antiretrovi-
rale medicijnen, indinavir (IDV), nevirapine (NVP), en abacavir (ABC), om in 
het CZS en het mannelijk genitaalstelsel door te dringen. Hoofdstuk 2 be
schrijft de concentratie van IDV in het bloed en de penetratie van IDV in het 
mannelijk genitaalstelsel en het CZS, zowel met als zonder toevoeging van 
een lage dosis (100 mg) ritonavir (RTV). In tegenstelling tot de proteaserem
mers RTV, saquinavir (SQV) en nelfinavir (NFV) bleek IDV goed door te 
dringen in het mannelijk genitaalstelsel.28'29 Verder bevestigden wij de goede 
penetratie van IDV in het CZS.21 De toevoeging van de lage dosering RTV 
verhoogde niet alleen de IDV-concentraties in het bloed, maar ook in sperma 
en liquor, en verbeterde daarmee mogelijk de effectiviteit van IDV in deze 
"anatomische reservoirs". Hogere IDV-dalspiegels in bloed alleen bleken geen 
afdoende verklaring voor de waargenomen stijgingen van de IDV-
concentraties in sperma en liquor: het lijkt erop dat RTV de IDV-
concentraties in sperma en liquor kan beïnvloeden, onafhankelijk van het ef
fect op de IDV-concentraties in bloed. Dit suggereert dat RTV de penetratie 
van een medicijn door de bloed-testisbarrière of de bloed-hersenbarrière kan 
beïnvloeden. Het remmende effect van RTV op het P-glycoprotein-
gemedieerde terugtransport door deze anatomische barrières speelt daarbij 
mogelijk een sleutelrol.31 

Er zijn meerdere factoren die de interpretatie van medicijnconcentraties in 
sperma moeilijk maken. Allereerst is het grotendeels onbekend of medicijn
concentraties in sperma tussen 2 medicatie-innamemomenten fluctueren. 
Tevens is het menselijk ejaculaat samengesteld uit vloeistoffen afkomstig 
van de zaadbal, de zaadblaasjes en de prostaat, die elk hun eigen fysiologi
sche eigenschappen hebben. Hierdoor is de medicijnconcentratie in het totaal 
ejaculaat niet per definitie representatief voor de medicijnconcentraties in de 
diverse compartimenten van het mannelijk genitaalstelsel. Hoofdstuk 3 be
schrijft een studie waarin het verloop van de NVP- en IDV-concentratie in 
sperma tussen 2 medicatie-innamen geëvalueerd is. Om te bepalen of NVP 
en IDV in alle compartimenten van het mannelijk genitaalstelsel goed door
dringen, hebben we door middel van de split-ejaculaat techniek gekeken naar 
concentraties van NVP en IDV in vloeistoffen afkomstig uit de zaad
bal/prostaat dan wel uit de zaadblaasjes.32 In tegenstelling tot eerder be
schreven stabiele zidovudine- (ZDV) en lamivudine- (3TC) concentraties wa
ren de NVP- en IDV-concentraties in sperma, net als in het bloed, afhankelijk 
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van de tijd na medicatie-inname.20-33 Het is derhalve niet terecht om NVP- en 
IDV-concentraties in een spermamonster te gebruiken als maat voor de 
blootstelling, zonder met de tijd van medicatie-inname rekening te houden. 
Onze data toonden echter wel aan dat NVP en IDV in alle delen van het 
mannelijk genitaalstelsel gedurende het doseringsinterval therapeutische 
concentraties bereikten. 
De goede penetratie van ABC in sperma is beschreven in Hoofdstuk 4. ABC-
concentraties in sperma bleken gedurende een doseringsinterval niet consis
tent hoger te zijn dan ABC-concentraties in bloed. Dit suggereert dat ABC, in 
tegenstelling tot ZDV en 3TC, niet in sperma accumuleert.202733 

De effectiviteit van antiretrovirale therapie in het CZS wordt gecontroleerd 
door het meten van HIV-1 RNA-concentraties in de liquor. Parameters van 
lokale ontsteking (chemokines) in de liquor kunnen extra informatie geven 
over eventuele voortgaande virusreplicatie in de hersenen gedurende antire
trovirale therapie. In Hoofdstuk 5 beschrijven we de concentraties van sT-
NFr-II en de chemokines MCP-1 en IP-10 in het bloed en de liquor van 26 pa
tiënten, behandeld met 3 verschillende antiretrovirale combinatieregimes 
met toenemende potentie: RTV/SQV (n=5), RTV/SQV/d4T (n=8) of 
ZDV/3TC/ABC/ NVP/IDV (n=13). 

Na 8-12 weken behandeling was de HIV-1 RNA-concentratie in het bloed ge
daald tot <400 kopieën/mL bij 2 van de 5 patiënten in de RTV/SQV-groep, bij 
6 van de 8 patiënten in de RTV/SQV/d4T-groep, en bij 10 van de 13 patiënten 
in de intensieve behandelingsgroep. De HIV-1 RNA-concentratie in de liquor 
was gedaald tot <400 kopieën/mL bij 9 van de 10 patiënten in de intensieve 
behandelingsgroep, vergeleken met 8 van de 8 patiënten in de RTV/SQV/d4T-
groep en slechts 1 van de 5 patiënten in de RTV/SQV-groep. RTV en SQV 
dringen niet door in het CZS en sub-optimale antiretrovirale medicijnconcen
traties in het CZS maakt voortgaande virusreplicatie mogelijk.26 Tijdens de 
antiretrovirale behandeling stegen de concentraties van sTNFr-II en IP-10 in 
de liquor van patiënten met een meetbare HIV-1 RNA-concentratie en daal
den in de meeste patiënten met een onmeetbaar lage HIV-1 RNA-
concentratie in de liquor. Echter, bij sommige patiënten met een goede virale 
respons op therapie (onmeetbaar lage HIV-1 RNA-concentratie) werden stij
gingen van sTNFr-II en chemokineconcentraties in de liquor gemeten. Bo
vendien werd, na een initiële daling van de MCP-1-concentraties in de liquor 
tijdens de eerste 8-12 weken, tussen week 8 en 48, een significante stijging 
gemeten in alledrie de groepen welke minder uitgesproken was in het bloed. 
Bij al deze patiënten was de HIV-1 RNA-concentratie in de liquor onmeet
baar laag op week 48. Voortgaande virusreplicatie in het CZS, die niet geme
ten kan worden met de huidige HIV-1 RNA-testen, is een mogelijke verkla-
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ring voor het waargenomen verschil in beloop tussen HIV-1 RNA- en sTNFr-
II/chemokineconcentraties in de liquor tijdens antiretrovirale therapie. 

Deze en andere studies tonen aan dat de meeste van de tegenwoordig be
schikbare antiretrovirale medicijnen goed doordringen in het CZS en het 
mannelijk genitaalstelsel (zie Introductie, Tabel 1). Het belang van het voor
schrijven van medicijnen die therapeutische concentraties bereiken in de 
"anatomische reservoirs" wordt benadrukt door diverse studies waarin het 
ontstaan van medicijnresistente virusstammen in het CZS of het mannelijk 
genitaalstelsel gedurende antiretrovirale therapie wordt beschreven.1012'15" 
17,34 jjet is dus bij de ontwikkeling van nieuwe medicijnen van belang onder
zoek te doen naar hun vermogen om in de anatomische reservoirs door te 
dringen. 

Een tweede obstakel voor "eradicatie" van het virus uit het lichaam 
van een HlV-geïnfecteerde patiënt is het in 1997 aangetoonde cellulaire re
servoir, bestaande uit HlV-geïnfecteerde, rustende CD4+ T cellen met een 
zeer lange levensduur. Een "gewone" CD4+ T cel die met HIV geïnfecteerd 
wordt, gaat na enkele dagen dood. Een klein percentage van geïnfecteerde T 
cellen verandert in rustende, "geheugen"-CD4+ T cellen, waarbij HIV in het 
DNA aanwezig blijft. Rustende geheugen-CD4+ T cellen hebben als functie 
om reeds eerder tegengekomen ziekteverwekkers te herkennen en daarop het 
immuunsysteem in werking te stellen om ziekte te voorkomen. De rustende 
geheugencellen hebben een lange levensduur om een mens levenslang tegen 
ziekten te kunnen beschermen. Rekening houdend met de zeer lange levens
duur van deze HIV-geïnfecteerde rustende geheugen-CD4+ T cellen is de the
oretische schatting gemaakt dat er 10 tot 60 jaar van maximaal onderdruk
kende behandeling nodig zou zijn voordat dit reservoir verdwenen is.35,36 

Een mogelijke strategie om de grootte van dit latente cellulaire reservoir 
sneller te laten afnemen is het kunstmatig activeren van de rustende cellen. 
Het activeren van deze cellen kan direct leiden tot celdood door apoptosis,37,38 

of indirect ten gevolge van de geïnitieerde virusreplicatie in de cel. Door ge
lijktijdig antiretrovirale therapie te geven, wordt HIV-besmetting van nog 
niet besmette cellen voorkomen. Rustende cellen kunnen geactiveerd worden 
door het gebruik van OKT3. 

Hoofdstuk 6 en 7 beschrijven een eerste studie waarin 3 HIV-positieve pa
tiënten werden behandeld met intraveneus OKT3 (dag 1-5 en 15-19) en sub-
cutaan humaan interleukine 2 (IL-2) (dag 2-6 en 16-20). Deze 3 patiënten 
werden reeds langdurig behandeld met krachtige antiretrovirale therapie en 
hadden sinds minimaal 26 weken een onmeetbaar lage HIV-1 RNA-
concentratie in het bloed (< 5 copieën/mL). 
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Tijdens de eerste cyclus bestonden de bijwerkingen uit koorts, hoofdpijn, 
misselijkheid, diarree en bij 1 patiënt tijdelijk nierfalen en insulten. Vanwege 
deze ernstige bijwerkingen weigerden 2 patiënten de tweede OKT3/IL-2-
cyclus. Het schema leidde tot forse T-celactivatie en -proliferatie, getuige het 
tijdelijk vrijkomen van cytokines en chemokines, een stijging van het percen
tage CD4+ en CD8+ T cellen met de activatieparameter CD38 in het bloed, en 
een toename in het aantal delende cellen (Ki67+) en apoptotische cellen in de 
lymfeklier. Het doel van de celactivatie was het induceren van virusreplicatie 
in de latent geïnfecteerde cellen om zo het cellulaire reservoir kleiner te laten 
worden. Eén patiënt toonde inderdaad een voorbijgaande stijging van het 
aantal virusdeeltjes in het bloed, met een piek op de vijfde dag (1500 copie-
en/mL). Bij de andere twee patiënten bleef de HIV-1 RNA-concentratie in het 
bloed onmeetbaar laag, maar steeg de HIV-1 RNA-concentratie in de lymfe
klier wel. Echter, 1 of 2 cycli met OKT3/IL-2 resulteerde niet in een meetbaar 
kleiner worden van het latente cellulaire reservoir. Bovendien ontwikkelden 
alle patiënten antistoffen tegen het muismonoklonaal OKT3, waardoor het 
activerende effect tijdens de tweede cyclus aanmerkelijk kleiner was. 
Tijdens de behandeling met OKT3 en IL-2 daalde het aantal CD4+ T cellen in 
het bloed en de lymfeklieren aanzienlijk, gevolgd door een langdurig laag 
blijven van het CD4+ T celaantal in het bloed. Dit suggereerde een destructie 
van een groot aantal CD4+ T cellen. De stijging van het CD4+ T celaantal tij
dens de hieropvolgende 2 jaar werd met name veroorzaakt door een stijging 
van het aantal geheugen-CD4+ T cellen. Het aantal CD8+ T cellen daalde 
meer in het bloed dan in de lymfeklieren en normaliseerde weer binnen en
kele weken. Het persisteren van een laag CD4+ T celaantal kan worden be
schouwd als een contra-indicatie voor verder onderzoek naar deze behande
lingsmethode bij een ziekte waar juist een afname van het CD4+ T celaantal 
een belangrijk aspect is. 

Ten tijde van deze studie werd nog geen rekening gehouden met aanvulling 
van het latente reservoir door voortgaande "low-level" virusreplicatie tijdens 
antiretrovirale therapie. Helaas hebben de laatste jaren diverse studies aan
getoond dat er tijdens krachtige antiretrovirale therapie, ondanks onmeet
baar lage HIV-1 RNA-concentraties in het bloed, toch voortgaande virusrepli
catie is36-3962 en dat de afname van het latente cellulaire reservoir omgekeerd 
evenredig is met de mate van deze zogenaamde "residual replication".43 Im-
muunactivatiebehandelingen (zoals OKT3/IL-2) met als doel viruseradicatie 
zouden derhalve pas zinvol zijn als de virale replicatie echt volledig onder
drukt kan worden.63 
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Een belangrijke vraag is dan ook of de onderdrukking van virale repli
catie tijdens de huidige standaard antiretrovirale combinatietherapie verbe
terd kan worden. Een lage concentratie HIV-1 RNA in het bloed (1-20 copie-
en/mL), virusexpressie in lymfeklieren, en niet geïntegreerd circulair viraal 
DNA of mRNA in bloedcellen kan worden aangetoond bij veel patiënten die 
volgens standaardbepalingen een onmeetbaar lage HIV-1 RNA-concentratie 
in het bloed hebben.36-3962 Als dit inderdaad uitingen zijn van voortgaande 
virusreplicatie is dat zorgwekkend, aangezien dit kan leiden tot de selectie 
van resistente virusmutanten met het risico van therapeutisch falen in de 
toekomst.36-42'57-59 Een recente studie toonde inderdaad aan dat uit bloedcel
len van patiënten met HIV-1 RNA-concentraties < 50 kopieën/mL virussen 
gekweekt konden worden met mutaties die geneesmiddelenresistentie 
geven.58 De vraag is of krachtiger therapie deze "residual viral replication" 
kan verminderen. 

Een mogelijkheid om deze vraag te beantwoorden is om bij patiënten die 
langdurig succesvol behandeld zijn met antiretrovirale combinatieregimes 
met een verschillende potentie, het HIV-1 RNA in het bloed te vergelijken, 
daarbij gebruik makend van een zeer gevoelige HIV-1 RNA bepalingsmetho
de. Wij hebben 30 patiënten, die gedurende 3 jaar succesvol behandeld wer
den met een standaard combinatieregime bestaande uit 2 verschillende soor
ten antiretrovirale medicijnen, vergeleken met 7 patiënten die gedurende 3 
jaar behandeld werden met een alternatief "multidrug"-regime bestaande uit 
3 verschillende soorten antiretrovirale medicijnen (Hoofdstuk 8). Wij heb
ben reeds eerder aangetoond dat dit alternatieve multidrugregime vergele
ken met een standaard combinatieregime na start van therapie resulteerde 
in een snellere initiële daling van het HIV-1 RNA in het bloed.64 

De geselecteerde 30 controlepatiënten waren chronisch geïnfecteerde HIV-
patiënten die als eerste therapie een standaard combinatieregime kregen, 
bestaande uit 2 zogenaamde reverse transcriptaseremmers (RT-remmers) en 
1 of 2 proteaseremmers óf 1 RT-remmer en 2 proteaseremmers. Deze patiën
ten moesten gedurende minimaal 3 jaar met een dergelijke therapie behan
deld zijn en mochten gedurende deze 144 weken niet virologisch gefaald heb
ben. Om "low-level" virusreplicatie in het bloed te kunnen meten werden 
bloedsamples afgenomen op week 48 en op 3 verschillende tijdsmomenten 
rondom week 144, opnieuw getest met een zeer gevoelige test met een onder
grens van 5 HIV-1 RNA kopieën/mL.64 Het CD4+ T celaantal en de HIV-1 
RNA-concentratie in het bloed bij start van therapie waren niet significant 
verschillend voor de controlegroep en de multidruggroep. 
Op week 48 was het HIV-1 RNA meetbaar (25 tot 550 copieën/mL) bij 10 van 
de 24 controlepatiënten (41.7%), terwijl bij alle multidrugpatiënten het HIV-
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1 RNA <5 kopieën/mL was (Fisher's Exact Test, P=0.017). Na 144 weken be
handeling was het HIV-1 RNA meetbaar (13 tot 453 kopieën/mL) op 0 van de 
3 meetpunten bij 12 controlepatiënten, op 1 van de 3 meetpunten bij 14 con
trolepatiënten en op 2 van de 3 meetpunten bij 4 controlepatiënten. Bij 6 van 
de 7 patiënten uit de alternatieve multidruggroep was het HIV-1 RNA < 5 
kopieën/mL op alledrie de meetpunten en bij 1 patiënt was het HIV-1 RNA 
meetbaar op 1 van de 3 meetpunten (21 kopieën/mL). Het aantal meetpunten 
per patiënt met een kwantificeerbare HIV-1 RNA-concentratie verschilde 
significant tussen de 2 groepen (P=0.036, Cochran-Armitage Trend Test). 
Verder bleek een laag CD4+ T celaantal bij de start van de therapie in de con
trolegroep voorspellend te zijn voor het na 3 jaar hebben van een kwantifi
ceerbare HIV-1 RNA-concentratie.39-46 De belangrijkste conclusie van deze 
studie is dat met krachtiger therapie de onderdrukking van virale replicatie 
verbeterd kan worden. 
Een mogelijk mechanisme voor deze verbeterde onderdrukking van de virale 
replicatie is dat de aanwezigheid van meer RT-remmers resulteert in een 
sterkere remming van het reverse transcriptieproces van HIV-1 RNA naar 
HIV DNA. Voorts kan in het geval van de standaard combinatietherapie sub-
optimale penetratie van de antiretrovirale medicijnen in de eerder beschre
ven anatomische en cellulaire reservoirs resulteren in partiële onderdruk
king van de virale replicatie aldaar. De antiretrovirale medicijnen uit het al
ternatieve multidrugregime waren met name geselecteerd vanwege hun 
vermogen om in deze anatomische reservoirs door te dringen. 18,22,23,33,60-69 

Intensivering van de huidige combinatieregimes met medicijnen met andere 
werkingsmechanismen zou mogelijk kunnen resulteren in een verder verbe
terde of zelfs complete onderdrukking van de virusreplicatie. Het binnen
dringen van een HIV-partikel in de cel bestaat uit 3 achtereenvolgende stap
pen, die ieder een mogelijk aangrijpingspunt voor antiretrovirale therapie 
kunnen zijn: (1) de binding van het HIV-oppervlakte-eiwit gpl20 aan CD4+ 

receptoren op de CD4+ T cel, (2) de interactie van het gpl20-CD4 complex met 
de co-receptoren CCR5 of CXCR4, en (3) de fusie van het virus en de lymfocy-
ten celmembraan door een verandering in het HIV-eiwit gp41. Momenteel 
worden diverse medicijnen ontwikkeld die op een van deze stappen aangrij
pen: gpl20-CD4-binding remmers (PRO 542), gp41 fusieremmers (T-20), en 
co-receptorantagonisten (CCR5/ CXCR4-remmers).70-73 Een ander aangrij
pingspunt voor het ontwikkelen van nieuwe medicijnen is remming van het 
HIV integrase-eiwit.74"77 

Zoals gezegd hangt de verdwijningssnelheid van het latente reservoir samen 
met de "residual viral replication".43 De vraag is of intensivering van therapie 
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de verdwijningssnelheid van het latente cellulaire reservoir kan beïnvloeden. 
Intensivering van therapie met ABC ± efavirenz bij 5 patiënten resulteerde 
in een snellere afname van het cellulaire reservoir vergeleken met 5 andere 
patiënten van wie de therapie niet geïntensiveerd werd.78 

Er wordt ook onderzoek verricht naar behandelingsstrategieën die gericht 
zijn op een afname van het aantal geactiveerde CD4+ T lymfocyten cq HIV 
targetcellen. Mycofenol mofetil (MMF), een selectieve remmer van de aan
maak van guanosine nucleotiden in T en B cellen, remt celdeling en indu
ceert celdood van geactiveerde CD4+ T cellen. Verder hebben laboratorium
experimenten aangetoond dat MMF ook direct de virusreplicatie kan rem
men: door de aanmaak van guanosine nucleotiden, het substraat voor het re
verse transcriptieproces, te remmen kan MMF de werking van het guanosine 
analoog ABC versterken.7981 Tevens is bij patiënten aangetoond dat het ge
bruik van MMF resulteerde in een afname van het latente cellulaire reser
voir.80 Dit kan mogelijk verklaard worden doordat bij een kleiner aantal ge
activeerde T cellen de kans op infectie van nieuwe cellen kleiner wordt, 
waarmee de aanvulling van het cellulaire reservoir vermindert. 

De grootte van het cellulaire reservoir bleek ook significant kleiner in een 
groep patiënten die naast antiretrovirale therapie ook IL-2 kregen.82 Bij 3 
van de 14 patiënten behandeld met antiretrovirale therapie plus IL-2 was het 
niet mogelijk om replicatie-competent virus uit grote aantallen rustende 
CD4+ T cellen te isoleren. Bij 2 van deze 3 patiënten was het ook niet moge
lijk om replicatie-competent virus uit grote aantallen lymfekliercellen te iso
leren. Echter, ondanks de afwezigheid van meetbaar replicatie-competent vi
rus werd bij beide patiënten kort na het staken van de antiretrovirale thera
pie HIV-1 RNA weer meetbaar in het bloed.8384 Bovendien is bij patiënten 
met onmeetbaar lage HIV-1 RNA-concentraties in het bloed gebleken dat er 
na het staken van de antiretrovirale therapie geen relatie was tussen de 
grootte van het latente reservoir en de snelheid van het weer meetbaar wor
den van het HIV-1 RNA in het bloed.84 Verder is bij 6 patiënten, die na een 
langdurige onderdrukking van de virusreplicatie de antiretrovirale therapie 
staakten, het genotype van virus gekweekt uit latent geïnfecteerde cellen 
vergeleken met het genotype van het weer meetbaar geworden virus in het 
bloed. Bij 4 van de 6 patiënten bleek het genotype van het virus uit het laten
te reservoir niet overeen te komen met het genotype van het virus uit het 
bloed.85 Dit betekent dat het virus, dat na het staken van de antiretrovirale 
therapie weer meetbaar wordt niet alleen uit het latente cellulaire reservoir 
afkomstig kan zijn, maar ook uit andere reservoirs, zoals bijvoorbeeld de ana
tomische reservoirs. 
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De mogelijkheden voor het intensiveren van antiretrovirale combinatiethera
pie zijn beperkt door de daaraan gerelateerde toename in problemen op het 
gebied van therapietrouw en bijwerkingen op de korte en lange termijn. 
Een andere strategie om de virale replicatie beter te onderdrukken zou de 
versterking kunnen zijn van de HIV-specifieke immuniteit, door middel van 
vaccinatie of gestructureerde therapie-onderbrekingen. Momenteel zijn er di
verse vaccinstudies gaande bij mensen en makaken.8688 Tot op heden hebben 
de vaccins bij mensen helaas nog niet geleid tot een significante klinische 
verbetering of een betere immunologische controle van de virale replicatie. 
Verbetering van de HIV-specifieke afweer door middel van gestructureerde 
therapie-onderbrekingen is geprobeerd bij patiënten die tijdens de chronische 
of de acute fase van de HIV-infectie met antiretrovirale therapie gestart wa
ren. Het starten van antiretrovirale therapie tijdens een acute HIV-infectie 
blijkt in verbeterde HIV-specifieke immuunreacties te resulteren.95 Het toe
passen van gestructureerde therapieonderbrekingen bij deze patiënten lijkt 
de HIV-specifieke immuunrespons nog verder te verbeteren.9698 Een deel van 
deze patiënten was zelfs in staat de virusreplicatie ook na het staken van de 
antiretrovirale therapie onder controle te houden. Echter, hoe lang deze con
trole standhoudt is nog niet bekend. De resultaten van gestructureerde the
rapie-onderbrekingen bij patiënten die in de chronische fase van de HIV-
infectie met therapie gestart waren, zijn minder consistent en minder veel
belovend.8499"102 
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