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Publicatie wan dit proefschrift was mede mogelijk door giften var\ de 
Stichting AIDS Research Amsterdam, de afdeling neurologie van het 
AMC, Amsterdam, ölaxo Wellcome BV, Bristol-Myers Squibb BV, en de 
Stichting Het Remmert Adriaan Laan Fonds. 





STELLINGEN 

Behorende bij het proefschrift 'Neurological manifestations of HIV-1 infection' 

1. Het is belangrijk om bij klinische trials naar antiretrovirale middelen het 
effect op de hoeveelheid HIV-1 RNA in de liquor c e r e b r o s p i n a l in de tijd te 
vervolgen. 

2. Hoewel het plausibel is om aan te nemen dat er gestreefd dient te worden 
naar een zo laag mogelijke hoeveelheid HIV-1 RNA in de liquor cerebro-
spinalis, is vooralsnog niet bewezen dat de neurologische uitkomst hierdoor 
verbetert. 

3. Een behandeling met proteaseremmers alléén is vrijwel zeker onvoldoende 
om HIV-1 replicatie in het CZS te remmen. 

4. Vanaf AIDS dementia stage 2 ('moderate') is er strikt genomen pas sprake 
van dementie. 

5. De Mini Mental State Examination (MMSE) is een veel betere screenings-
methode voor AIDS dementie als er een stopwatch bij gebruikt wordt. 

6. Cytarabine verdient geen plaats meer in de behandeling van HIV-1 gerela
teerde progressieve multifocale leukoencephalopathie. 

7. Opportunistische infecties en tumoren vormen de link tussen neuro-AIDS 
en neuro-oncologie. 

8. Part-time opleidingen tot medisch specialist worden ten onrechte gezien als 
een goede emancipatoire maatregel; het zou veel beter zijn om te streven 
naar een lagere leeftijd bij aanvang van de opleiding tot specialist. 

9. De behandeling van kankerpijn dient een hogere prioriteit te krijgen in de 
opleiding tot medisch specialist. 

10. Opeenvolgende trials met opioïden (opioïd-rotatie) kunnen nuttig zijn in de 
behandeling van kankerpijn om de balans tussen pijnstilling en bijwerkin
gen te optimaliseren. 

11. Een van de mogelijkheden om de kosten in de gezondheidszorg te drukken 
is om een tweede mening alleen dan volledig te vergoeden als deze leidt tot 
een wijziging in diagnose en/of therapie. 

12. Nu veel vrouwen beter verdienen dan mannen, wordt het voor mannen 
belangrijker om aandacht te besteden aan hun uiterlijk. 

13. Hetwoon-werkverkeerzou aanmerkelijk kunnen afnemen als het reiskosten
forfait zou oplopen naarmate men dichter bij het werk woont. 

14. De opvatting van sommige topambtenaren dat het geoorloofd is om privé-
kosten te declareren als arbeidskosten als er sprake is van een 24-uurs 
inzetbaarheid voor het werk, biedt interessante mogelijkheden voor specia
listen met bereikbaarheidsdiensten. 

Roelien Enting 
31 mei 2000 
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A CONCISE HISTORY OF NEUROLOGICAL 
MANIFESTATIONS OF HIV-1 INFECTION 

In the first years of the AIDS epidemic, attention was focused on the late neuro
logical sequelae of infection, when opportunistic infections and neoplasms, AIDS 
dementia complex (HIV-1 associated dementia (HIV dementia)) or peripheral 
neuropathy occur.1-2 In the early years, neurological complications occurred in 
at least 70% of all patients with AIDS and in 10% of patients neurological dis
ease was the presenting manifestation of human immunodeficiency virus type 1 
(HIV-1) -infection.34 Early neurological manifestations of HIV-1 infection may 
also occur. Examples are a viral meningitis or an inflammatory neuropathy 
during primary HIV-1 infection.5-6 

Opportunistic infections are often due to recrudescence of latent infection 
as a result of cellular immunodeficiency. A wide array of pathogens may cause 
neurological complications, including viruses, parasites, and fungi.3 Progressive 
multifocal leukoencephalopathy (PML) is a subacute demyelinating viral infection 
of the brain caused by the polyoma 'JC' virus.7 Cytomegalovirus infection may 
cause a diffuse meningoencephalitis, or a polyradiculitis; the latter presenting 
as a flaccid paraparesis accompanied by sphincter dysfunction.3-8 Toxoplasma 
gondii may cause focal intracerebral lesions, or, less often, a diffuse encephalitis.9 

Cryptococcus neoformans is a yeast that may cause a subacute meningitis.10 

Non-Hodgkin's lymphoma occurring either as primary CNS lymphoma or as a 
meningeal localization of systemic lymphoma form a second important category 
of AIDS-related neurological disease.3 

HIV dementia is a late neurological manifestation presumably caused by 
HIV-1 replication in the CNS. The earliest symptoms consist of mild cognitive 
impairment, but symptoms may progress to a subcortical dementia, associated 
with clumsiness, tremor, and poor balance, behavioral dysfunction including 
apathy and social withdrawal, and, subsequently to a global dementia, often with 
a paraparesis.11 A distal sensory neuropathy is a common neuropathy during 
late stages of HIV-1 infection, and is presumably related to systemic HIV-1 rep
lication.12 

The incidence of HIV dementia has declined since the introduction of 
zidovudine.1315 The incidence of toxoplasmic encephalitis, cryptococcal menin
gitis, and possibly CNS lymphoma and PML has decreased in recent years, 
because of the introduction of highly active antiretroviral therapy (HAART), and 
the use of prophylactic agents (e.g. fluconazole for cryptococcal meningitis and 
co-trimoxazole for toxoplasmic encephalitis)1621 The incidence of HIV dementia 
has further decreased since the introduction of HAART.21 

Treatment options for these neurological manifestations are limited, with the 
exception of toxoplasmic encephalitis and cryptococcal meningitis, and, less suc
cessfully, HIV dementia. Zidovudine was found to partially reverse HIV demen
tia 22-23, and HAART may improve HIV dementia.21 

Drug-toxicity is a new category of neurological disease. Zidovudine may 
cause a myopathy, and zalcitabine, didanosine, and stavudine a peripheral 
neuropathy.25 '27 The pathogenesis of myopathy is controversial, but damage to 
the mitochondria is crucial.28 Recently, perinatal exposure to zidovudine has 
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been related to severe neurological abnormalities due to mitochondrial dysfunc
tion, but this is still controversial.2930 Peripheral neuropathy may be due to 
inhibition of mitochondrial DNA replication or interference with phospholipid 
metabolism.31,32 Antiretroviral drug-related toxicity may become more important 
in the next few years because the mean duration of t reatment and the cumula
tive doses of drugs increase. 

ANTIRETROVIRAL TREATMENT OF HIV-1 CNS INFECTION 

Drug efficacy in the central nervous system (CNS) is an important issue in 
developing strategies for effective suppression of HIV-1 replication.33 First of all, 
HIV-1 invades the brain early, and has been found present in the brain of HIV-1 
infected individuals during primary HIV-1 infection.34 Secondly, the CNS is an 
important sanctuary site for the virus.35 Thirdly, HIV-1 replication in the brain 
parenchyma may lead to HIV dementia.11 Several methods may be used to obtain 
information about drug efficacy in the CNS. All methods use the cerebrospinal 
fluid (CSF) as an indicator of what happens in the brain parenchyma. CSF drug 
levels a re a means to obtain information about drug penetration into the CNS.36 

Brain parenchymal drug levels, however, are not equivalent to CSF drug levels.37 

The CSF HIV-1 RNA concentration is increasingly used to measure HIV-1 rep
lication within the CNS and to monitor the response to treatment.3638 Whether 
CSF HIV-1 concentrations represent HIV-1 replication in the brain parenchyma 
is still controversial.38-39 Longitudinal measurements of CSF inflammatory mark
ers are another option to estimate CNS drug efficacy.39 

BACKGROUND OF THE STUDIES DESCRIBED IN THIS 
THESIS 

The first five chapters focus on treatment of HIV-1 CNS infection. Chapter 1 
reviews antiretroviral t rea tment of CNS infection. The link between CSF viral 
load and HIV-1 replication within the CNS is described, followed by a short 
summary of the concept of the blood-brain-barrier. The major part of the review 
summarizes data on penetration of the different antiretroviral drugs into the 
CNS. Chapter 2 describes the clinical symptoms, and t reatment of HIV dementia. 
Chapters 3-5 report on the CNS efficacy of several drug combination regimens. 
In chapter 3 the results of a prospective trial comparing a double protease 
inhibitor regimen (ritonavir and saquinavir) with a triple drug regimen including 
a nucleoside analogue (ritonavir and saquinavir and stavudine) are described. 
In chapter 4 the results on early immune activation markers within the CSF 
following treatment with either stavudine and lamivudine or zidovudine and 
lamivudine are reported. Chapter 5 describes the results of t reatment with a 
quintuple or sextuple drug regimen started in 6 patients with primary HIV-1 
infection. 

The three studies on the opportunistic manifestations have been derived 
from a consecutive series of over one thousand HIV-1 infected individuals evalu-
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a t ed for neurological compl ica t ions in a 15 y e a r per iod in t h e Academic Medica l 
C e n t e r in A m s t e r d a m . T h e m a i n topic of t h e s e c h a p t e r s concerns t h e efficacy 
(or lack thereof) of t r e a t m e n t r e g i m e n s for neurological complicat ions inc lud ing 
P M L (chap te r 6), CMV encepha l i t i s ( chap te r 7), a n d l ep tomen ingea l m e n i n g i t i s 
in sys t emic non-Hodgk in ' s l y m p h o m a (chap te r 8). 
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INTRODUCTION 

With potent antiretroviral drug combinations it is possible to reduce the number 
of HIV RNA copies in plasma to undetectable levels.1 Persistent low levels of 
HIV RNA in plasma are correlated with an improved prognosis.2 However, for 
several sites in the infected host, it is as yet unclear how efficacious combination 
treatment is in suppressing viral replication. One of these sanctuary sites is the 
central nervous system (CNS). 

The presence of HIV and the level of HIV-replication in the brain parenchyma 
are difficult to study, and we have to rely on post-mortem examination of brain 
tissue, animal studies, and cerebrospinal fluid (CSF) levels of HIV RNA. For 
clinical practice, CSF viral load measurements are relatively easy to obtain and 
are potentially useful. 

HIV RNA is detectable in the CSF of most HIV infected individuals. The CSF 
HIV load varies widely (median: 3 log10 copies/mL, range: 0-6 log10 copies/mL), 
but is generally lower than the plasma viral load.310 Patients in whom CSF viral 
load has exceeded plasma viral load have been reported.5 1 1 H Conflicting results 
have been found in the correlation between plasma and CSF viral load. In many 
studies a positive correlation has been noted,4'810-1517 but in others no correla
tion was found.5"791314-18 A further intriguing finding is that in several studies 
a correlation was found between CSF viral load and the extent of damage to 
the blood-CSF-barrier or CSF white cell count,12141519 whereas in others this cor
relation has been disputed.3-6'720 Different study populations and the influence of 
antiretroviral therapy may explain some of these differences. 

Several groups of patients can be described. (Table 1) The first group con
sists of patients with low CD4 cell counts and CNS opportunistic infections (e.g., 
patients with cryptococcal meningitis usually have high CSF viral loads).614 

An elevated CSF white cell count probably contributes to this increased level 
of HIV replication.614 A second group consists of patients with low CD4 cell 
counts and AIDS dementia complex or HIV encephalitis. In these patients, CSF 
HIV load probably reflects the increased CNS (but not plasma) viral replica
tion.613 High CSF viral loads correlate with the presence and degree of cognitive 
impairment3'6-910 or neuropathological abnormalities.13 Furthermore, a correla
tion has been found between brain and CSF levels of HIV RNA in patients with 
AIDS dementia.10 The third and largest group comprises neurologically asymp
tomatic patients who may have detectable CSF viral loads.8-91221 The CSF viral 
load increases with decreasing CD4 cell count.10 In antiretroviral-naive patients 
viral replication within the plasma and CSF compartments occurs independ
ently.12 To our knowledge, no data are available on CSF viral RNA in patients 
with primary HIV infection. It is, however, known that HIV can be cultured from 
the CSF (and not from the blood) during seroconversion.22-23 HIV antigen can 
sometimes be detected in the CSF (before it is present in the blood) from such 
patients.24 

HIV load within the brain parenchyma can only be determined by post-mor
tem examination. In two studies10-25 brain tissue was examined for the presence 
of viral RNA. In the first study HIV RNA could be detected in 50% of the exam
ined brains.25 Quantitative data were given in another study but non-demented 

Antiretroviral drugs and the CNS 

11 



Table 1 
Cerebrospinal fluid (CSF) viral load studies 

Stage of infection « ' W I M Finding 

Primary HIV infection2™4 

Early to mid-late HIV infection 
(CD4 cell count >200/mm3>, 
no neurologic disease10-12'2' 

Late HIV infection 
(CD4 cell count < 200/mm3), 
no neurologic disease10-21 

Lafe HIV infection 
(CD4 cell count < 200/mm3), 
cryptococcal meningitis614 

Late HIV infection 
AIDS dementia or HIV 
encephalitis610-13 

HIV may be cultured from CSF 
HIV antigen may be detected in CSF 
Viral replication in CSF compartment and blood 
compartment may occur independently 

CSF viral load increases with decreasing CD4 cell count 
Antiretroviral treatment lowers CSF viral load 
CSF viral load correlates with BBB disruption and CSF 
white cell count 
CSF viral load does not correlate with plasma viral load 

CSF viral load often in 2-3 logio copies/mL range 
Antiretroviral treatment lowers CSF viral load 
CSF viral load correlates with plasma viral load 

CSF viral load is often high (> 5 logio copies/mL) 
CSF viral load correlates with CSF white cell count 
CSF viral load does not correlate with BBB integrity or 
plasma viral load 

CSF viral load is often high (4-5 logio copies/mL) 
CSF viral load increases with severity of dementia or 
neuropathological abnormalities 
CSF viral load does not correlate with CSF white cell 
count or BBB integrity or plasma viral load 

pat ients did not differ from demented patients.10 Although provirus was detected 
in the brain of one patient who had been infected 15 days earlier, generally no 
substant ia l amounts of provirus could be detected in asymptomatic patients. In 
most patients with AIDS, proviral DNA has been found, with the highest levels 
in patients with HIV-encephalitis.2629 

Does antiretroviral t reatment suppress HIV-replication in the CNS? Patients 
with HIV dementia may improve with zidovudine treatment, and the wide
spread use of zidovudine has contributed to the decrease in the incidence of HIV-
dementia.30"32 HIV-specific neuropathological abnormalities are less frequent in 
pat ients who used zidovudine until death, compared with patients who discon
tinued the drug 1 month (or earlier) before death.33 CSF viral load was reduced 
in most patients after the s tar t of zidovudine monotherapy.34 These data suggest 
tha t zidovudine suppresses HIV replication within the CNS. 

Data for all the other antiretroviral drugs are sparse. Reduction of CSF viral 
load has been observed in some patients on didanosine monotherapy.34 In several 
nucleoside-containing combination studies, CSF viral load has been reported to 
be reduced to undetectable levels.812,35-36 In one study using ultrasensitive quan
t i tat ive PCR, viral load decreased to values below 20 copies/mL.21 In two patients 
who had been given triple therapy, the decrease in CSF viral load lagged behind 
the decrease in plasma viral load.37 Ritonavir-saquinavir combination treatment, 
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and other saquinavir or indinavir-containing regimens (sometimes including 
nucleoside analogues) also resulted in undetectable CSF viral loads in several 
patients.17 '3841 

With an increasing number of available antiretroviral drugs, the penetration 
of these drugs in the various body compartments has become an important 
issue in the selection of drug combinations. We have reviewed all the available 
CNS pharmacokinetic studies, conducted with currently available antiretrovi
ral drugs, both in animals and humans. The anatomy of the barriers, t ransport 
across the barriers and pharmacokinetic methodology are discussed and an over
view of the pharmacokinetic studies is presented. Some recommendations for the 
optimal treatment of HIV replication within the CNS are given. 

THE BARRIERS IN THE CNS 

The blood-brain-barrier (BBB; between blood and brain interstitial fluid) and 
blood-CSF-barrier (BCB; between blood and CSF) both protect the brain from 
transient changes in the composition of the blood. Because the surface area of 
the brain capillaries is 5000-fold larger than that of the choroid plexus, t ransport 
across the BBB represents the principal route of entry for most molecules into 
the CNS.42-"1 

The blood-brain-barrier 

The BBB is formed by brain capillary endothelial cells that are fused together 
by tight junctions. These continuous tight junctions, the lack of intercellular 
pores, the paucity of pinocytosis, and the large mitochondrial content to fuel 
the transport pumps of the endothelium form the unique characteristics of the 
BBB. Small lipid-soluble molecules such as ethanol can cross the BBB by simple 
diffusion in the lipid layers of the endothelial cell membrane. Lipid solubility 
and molecular weight largely determine brain endothelial permeability. Several 
lipid-insoluble molecules, such as glucose, are actively transported through car
rier systems.44-45 (Figure 1A) 

The permeability of the BBB is the result of the ratio of transfer constants 
(k) of a substance 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. For higher values of k, the steady state will be reached 
sooner. However, the continuously circulating CSF may act as a sink to the 
brain, keeping the concentration in the brain lower than in the plasma. A further 
asymmetry in transport may be caused by carrier mechanisms, protein or tissue 
binding, and metabolic processes.46,47 

Concentrations of molecules within the brain are not homogeneous. The con
centrations depend on differences in vascularity between, for example, the white 
and gray matter and in the distance from the CSF compartment.46 
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The blood-CSF-barrier 

The choroid plexuses and the arachnoid membrane constitute the BCB. The 
arachnoid membrane has a merely passive role. The choroid plexuses, however, 
actively regulate the composition of the CSF and are therefore often considered 
as 'miniature ' kidneys. The choroid plexuses consist of capillaries surrounded 
by a single layer of epithelial cells. Adjacent choroid epithelial cells are sealed 
togethei- by tight junctions and these form the anatomical basis of the BCB. One 
side of the epithelial cell is in contact with the blood, and the opposite side is in 
contact with the CSF in the ventricle,-. (Figure 1 B) 

The most important function of the choroid plexuses is the secretion of the 
CSF. The total volume of CSF (140 niL) is replaced 4-5 times daily. Only 25 ml, 
flows through the ventricles; the major part moves through the subarachnoid 

Figure 1 

A. The blood-brain barrier (BBB). The BBB is 
formed by brain capillary endothelial cells 
(BCEC) that are fused together by tight junc
tions (TJ). The brain capillary endothelial cells 
and pericytes (P) are surrounded by a base
ment membrane (BM). Astrocyte foot proc
esses (AFP) almost completely surround the 
brain capillary. CL is the capillary lumen. BECF 
is the brain extracellular fluid. 

B. The blood-CSF-barrier (BCB). The choroid 
plexus endothelial cells (CPEC) form fenes
trated capillaries. They are surrounded by a 
basement membrane (BM). The capillaries are 
covered by a single layer of choroid epithelial 
cells (CEC). These choroid epithelial cells are 
sealed together by tight junctions (TJ). One 
side of the choroid epithelial cell is in contact 
with the blood filtrate within the extracellular 
space of the choroid plexus (ECS). And the 
opposite side is in contact with the CSF in the 
ventricles. 

CSF 

VEC D BM 

A
 N 

AFP ft 
BECF Ax CL 

C. The CSF-brain-barrier. The CSF is separated 
from the brain extracellular fluid (BECF) by 
the loosely linked ventricular ependymal cells 
(VEC). These cells do not form an anatomic 
barrier. Diffusion of compounds may occur in 
both directions. The brain extracellular fluid sur
rounds the astrocytes (A) (with their foot proc
esses) (AFP) and neurons (N). Neurons have 
dendrites (D) and an axon (Ax). One capillary 
is shown surrounded by astrocyte foot proc
esses. 
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space by bulk flow and eventually drains into the venous system through the 
arachnoid granulations in the superior sagittal sinus. Entrance via the choroid 
plexus through active transport systems present in the choroid plexuses only is 
the principal route of penetration into the CNS for some solutes (e.g., vitamins), 
which can reach high CSF concentrations. The choroid plexus also contains 'exit' 
pumps.1248 The permeability of the BCB is also defined by the ratio of the trans
fer constants (k) for influx and efflux of a compound. It is important to note tha t 
differences in concentrations between ventricular and spinal CSF may exist for 
slowly penetrating substances.46 

The CSF-brain-barrier 

The CSF is separated from the extracellular fluid of the brain by the loosely 
linked ependymal cells of the ventricles. These cells do not form an anatomical 
barrier. Diffusion of solutes therefore occurs in both directions.46 (Figure 1C) 

The distributed model for drug delivery addresses the relationship between 
brain tissue and CSF drug concentrations after systemic drug delivery.47 Accord
ing to this model, CSF concentrations will be less than brain tissue drug con
centrations during plasma steady state concentration. Slowly penetrating drugs 
have the steepest gradients within the brain parenchyma. 

It has often been suggested that intrathecal administration of slowly pen
etrating drugs might circumvent the BBB. Unfortunately, brain tissue levels 
rapidly decrease with increasing distance from the ventricular surface.48-49 There
fore, intrathecal administration is far less efficient for treating brain parenchy
mal disease (e.g., AIDS dementia complex) than for intrathecal disease (e.g., 
lymphomatous meningitis). 

ANTIRETROVIRAL DRUG ENTRY INTO THE CNS 

Most experimental studies of antiretroviral drug entry into the CNS have focused 
on nucleoside analogues. The nucleoside analogues undergo intracellular phos
phorylation to the active triphosphate metabolites. It would be ideal to measure 
the concentrations of these triphosphates in the different infected cells in vivo, 
although from a practical point of view this is very difficult. Therefore, most 
approaches have centered on the concentrations of the parent drugs. In early 
reports it was found that none of the nucleoside analogues were measurably 
transported across the BBB, although most drugs had measurable CSF concen
trations. Therefore, it was hypothesized that nucleoside analogues would enter 
the brain tissue interstitial fluid via the CSF.50 In more recent studies it was 
found that zidovudine crosses the BBB (4% versus 1%) and BCB (2.7% versus 
<1%) significantly better than truly inert polar molecules such as mannitol.51 

CNS entry probably occurs purely by diffusion. Nucleoside transporters do 
exist, but modification at the 3'-position of the sugar moiety (as in zidovudine) 
greatly reduces the affinity of the nucleoside analogues for this transport mecha
nism.51 A further argument against an important role for nucleoside transporters 
is the absence of competitive inhibition between nucleoside analogues.51-52 Of all 
nucleoside analogues zidovudine is the most lipophilic molecule. (Table 2) From 
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Table 2 
Characteristics of antiretroviral drugs that are important for penetration into the CNS 

drug 
% protein 
binding 

oil/water 
partition 

coefficients 

molecular 
weight (Da) IC so Omol/L) 

nucleoside analogues 
zidovudine 
stavudine 
zalcitabine 
didanosine 
lamivudine 
abacavir 

protease inhibitors 
saquinavir 
ritonavir 
indinavir 
nelfinavir 

non nucleoside reverse 
nevirapine 
efavirenz 
delavirdine 

34-38 
negligible 

<4 
<5 

<36 
49 

98 
98-99 

61 
>99 

transcriptase inhibitors 
60 
46 
98 

1.1 
0.144 

0.055 

4.1 logio 

2.6 logio 
5.7 logio 

1.8 logio 

267 
224 
211 
236 
229 
404 

767 
721 
712 
568 

266 
316 
516 

0.01-0.05 
0.05-0.5 
0.03-0.5 
1.0-2.5 
0.003-0.09 
0.26 

0.002-0.007 
0.045 
0.025-0.1 
0.022 

0.01-0.1 
0.03* 
0.066 

The following factors impede CNS penetration: protein binding >90% and a molecular weight > 500 Dalton. 
Nevirapine and indinavir have the most favourable oil/water partition coefficients at physiologic pH. 
For several drugs the log 10 oil/water partition coefficients is given because of very high values. 
Drug concentrations that produce 50% inhibition of HIV activity (ICso) were derived from in vitro susceptibil
ity investigations, preferably for clinical isolates tested in peripheral blood cells. These IC 50 values can be 
compared with the CSF concentrations in humans (Table 6). The CSF concentrations in humans ideally 
should exceed the ICso value (several fold). 
* : for evavirenz only the IC95 was available 

the few studies in which influx transfer constants were calculated, it appears 
tha t diffusion of zidovudine into the CSF (&=0.04) is indeed about 20-fold greater 
t han of didanosine (/e=0.002), consistent with a 20-fold higher lipophilicity.53"56 

Because actual CSF concentrations are also dependent on efflux, differences 
in influx-efflux ratio may explain the discrepancies between CNS concentrations 
and lipophilicity, as found for stavudine.52 An active efflux transport system for 
zidovudine, didanosine, and probably stavudine is present in both barriers.57 

It is inhibited by probenecid resulting in increased CSF55 and brain concentra
tions57 58 of didanosine and increased CSF5963 and brain57"5964 concentrations of 
zidovudine. For didanosine, this transport system was found to be identical to 
the one removing benzylpenicillin.65 

Very few studies have concentrated on the influx and efflux mechanisms of 
other antiretroviral drugs. The protease inhibitors were recently found to be a 
subs t ra te for P-glycoprotein present in the BBB. P-glycoprotein is responsible 
for actively pumping back several large (>500 Da) lipid-soluble compounds into 
the blood, thereby preventing their entry into the brain tissue.66 P-glycoprotein 
therefore limits the penetration of protease inhibitors into the brain tissue. This 
is an important field of research, because such efflux mechanisms may cause 
lower brain tissue penetration than expected in view of other drug characteris
tics. 
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Table 2 summarizes the characteristics of the antiretroviral drugs that a re 
important in CNS penetration. CNS penetration is linearly related to lipid sol
ubility divided by the square root of molecular weight.48-67 Substances with a 
molecular weight above 500 Da are often considered physically impeded to cross 
the cell membrane.66 The oil/water partition coefficient is a measure of lipid solu
bility for neutral compounds. For acid and bases lipid solubility is further deter
mined by their degree of ionization, which is pH dependent. For this reason, the 
partition coefficients of such drugs must be determined at physiologic pH and 
these are the distribution coefficients. The optimal oil/water partition coefficient 
is about 100. Drugs with very high oil/water partition coefficients (>1000) have 
lower diffusibility because they do not easily diffuse from the lipid layer into the 
extracellular fluid of the brain. Furthermore, such drugs often have high serum 
protein binding.43-5668"70 Because only the free (non-protein bound) portion of drug 
can enter the CNS, high serum protein binding (>90%) restricts drug entry into 
the CNS.48 Table 2 also includes median inhibitory concentration (IC50) values, 
which range according to the assays, cell lines, virus strains, and duration of 
treatment. IC50 values for clinical isolates tested in peripheral blood cells were 
selected for Table 2.71"82 

QUANTIFICATION OF DRUG TRANSPORT ACROSS THE 
BARRIERS 

Transport of drugs across the BBB 

Quantitative measurement of drug delivery to the brain has been hindered by 
the complexity of experimental techniques. The invasive nature of brain tissue 
sampling generally limits these experiments to animal studies and to only one 
measurement per animal. A single determination of the ratio of brain tissue to 
plasma concentration, however, will not usually represent the dynamics of drug 
entry into the brain.47-48 

Several in vivo and in vitro methods for transport across the BBB have been 
described.43-46-83-84 (Table 3) 

Brain uptake index 
The brain uptake index (BUI) technique represents a single-pass method using 
intracarotid administration of a radiolabelled drug and a highly diffusible refer
ence compound (such as butanol or water) and immediate (after 5-15 sec) decapi
tation of the animal. The BUI determines the proportion of drug removed from 
the blood in a single passage compared with the reference substance; BUI can 
only take values from 0 to 1. For values below 0.04, the accuracy of BUI is lim
ited.84 

In situ brain perfusion 
The in situ brain perfusion method estimates the brain parenchymal uptake of 
radiolabeled tracers from the perfusion fluid after arterial inflow. Because this 
method extends the time of exposure of the brain to the drug of interest to 20-30 
minutes, this method has far greater sensitivity for the uptake of slowly moving 
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drugs than the BUI.51 

Intravenous administration 
BBB permeability can also be assessed by determining the brain tissue-plasma 
concentration ratio after intravenous administration of the drug. Animals receive 
either a constant rate infusion (resulting in steady state plasma drug concentra
tions), or an intravenous bolus (resulting in declining plasma drug concentra
tions), and after a variable period of time, the animal is decapitated and the 
brain tissue is homogenized for the determination of drug concentrations. Using 
mathematical models, transfer rate constants (k) for influx and efflux into the 
brain (or CSF) can be calculated. The unit of k is ml/min x g brain tissue, but 
because the specific gravity of brain is assumed to be 1.0, k is expressed in 
t ime 1 . The ratio between these transfer constants for influx and efflux deter
mines the BBB permeability. The linear two-compartment model (plasma and 
brain), which assumes no drug exchange between the CSF and brain tissue, 
is most often used. The results are model-dependent. In humans, the intrave
nous technique can be extended to measure regional differences by using posi
tron emission tomography.83 Either radiolabelled drug is administered, and the 
brain is counted for total radioactivity, which includes (in)active metabolites, or 
drug concentrations are measured by high performance liquid chromatography 
(HPLC) or radioimmunoassays, which are specific for the unchanged drug.85 

Microanalysis 
A different method used to study in vivo transport is microdialysis. A probe 
is implanted into a specific region of the brain and often a second probe is 
implanted in the ventricle. The tip of the probe is in contact with the intersti
tial fluid. This fluid will then be continuously sampled for drug concentrations 
(the concentration-time curve in a single animal can be constructed). A further 
advantage is that no correction for intravascular drug is necessary. The major 
disadvantage is the possible disintegration of the BBB caused by the procedure, 
resulting in an overestimation of brain tissue penetration. Essentially the same 
mathematical models are necessary to interpret the data as for the intravenous 
method.'1383 

In vitro model 
The in vitro model consists of a bovine brain endothelial cell monolayer, whereby 
values for penetration across the monolayer can be calculated.81 

In vivo intracerebral microinjection 
The in vivo intracerebral microinjection technique is a novel method to meas
ure brain-blood transport.58 A microinjection needle is inserted into the brain 
through which the radioactively labelled drug of interest is administered. The 
animal is decapitated after the sampling of CSF, and brain tissue samples are 
collected for counting of radioactivity. An efflux rate constant is determined. By 
using this technique, it is possible to study the efflux transport systems at the 
BBB in regions distant from the ventricles. However, in brain regions near the 
ventricles, removal of drug at the BCB after diffusion into the CSF is too impor
tant to be neglected. 
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In summary, the simplest method is the BUI, which can act as a screening pro
cedure for gross estimation of affinity for the brain. The in situ brain perfusion 
method is superior for drugs with low diffusibility because of greater sensitivity. 
However, no steady state ratios can be obtained by either of these methods. If 
the goal of the study is to estimate transfer ra te constants, then the intravenous 
method or microdialysis should be used. By using one of the first three meth
ods, the brain tissue is homogenized and includes extracellular fluid, intravas
cular fluid and intracellular fluid. The measured content of drug in the brain 
should therefore always be corrected for the quantity of drug present in the vas
cular compartment. This correction is especially important for poorly penetrat
ing drugs which have significant intravascular fractions of total brain content. 
A major disadvantage of the intravenous method is that one concentration time 
curve has to be constructed from data of different animals.43,83,84 

Transport of drugs across the BCB 

Many studies have dealt with CSF penetration. In the majority of these stud
ies, a CSF sample was taken at variable intervals after bolus administration. 
The ratio between the concentrations in a single plasma-CSF pair is generally 
taken as a measure of CSF penetration. This method is flawed as ratios tend 
to increase in time due to the different shape of concentration-time curves in 
the plasma and the CSF. Because the elimination from the CSF compartment 
is generally slower, ratios may rise above 1.0 for drugs with short plasma half 
lives 17/18-67'68 

For these reasons, the CSF-plasma (p) ratio is only a suitable method in 
steady-state situations. In the absence of steady-state the ratio between the 
area under the curves (AUC) for CSF and plasma should be taken. (Figure 2) 
In the steady-state situation, small lipophilic drugs will have CSF concentra
tions (almost) equal to free (equalling protein unbound) plasma concentrations. 
With all other drugs, CSF concentrations will be lower than plasma concentra
tions.47-48 The AUC(.S1VAUC is considered the gold standard for characterizing 
drug entry.67 

In animal studies the ventricular CSF has been examined most often. Two 
animals were evaluated for both lumbar and ventricular drug concentrations: 
lumbar CSF-plasma AUC ratio (0.41) was higher than ventricular CSF-plasma 
AUC ratio (0.08).86 

Exchange of drugs between the CSF and brain tissue 

The ventriculocisternal perfusion technique measures the efflux from CSF to 
brain (and plasma) during steady-state ventricular drug administration. The 
radioactively labelled compound of interest is perfused through the ventricular 
system, the animal is sacrificed after an interval up to several hours, and the 
brain tissue is subsequently sampled.84 An alternative method to study steady 
s ta te ventricular drug administration is intracerebroventricular administration. 
In this case the microdialysis ventricular probe is used to instill the drug. The 
brain parenchymal probe is used to measure interstitial fluid drug concentra
tions.52-87 

Chapter 1 

20 



PHARMACOKINETIC STUDIES OF ANTIRETROVIRAL 
DRUGS 

Brain tissue penetration studies 

A review of all studies on the penetration of antiretroviral drugs into the brain 
tissue has ben conducted, and studies were classified according to the method
ology used. Jus t as single determinations of CSF-plasma ratios are considered 
inadequate, single brain tissue-plasma ratios do not represent the dynamics of 
drug concentrations in the CNS. The discussion will therefore focus on those 
studies in which brain-plasma ratios in steady state after continuous infusion 
were reported, or in which AUC ratios after intravenous bolus administration 
were calculated. (Table 4) 

BUI 
Few studies have used BUI.50,88,89 For dideoxyadenosine (which is degraded to 
didanosine), zalcitabine and zidovudine, a very low uptake (< 0.05) was found, 
comparable to methotrexate.46 BUI is generally considered inaccurate for such 
low values.51 For indinavir, BUI was found to be higher (0.33).89 Because differ
ent reference compounds were used in the above-mentioned studies, the results 
are not entirely comparable. 

In s i tu brain perfusion 
The in situ brain perfusion technique results in a time-dependent brain tissue-
plasma ratio and CSF-plasma ratio of the amount of radioactivity.51-90 One study 
compared zidovudine and stavudine. A significant difference for all time-points 
until the end of the experiment (20 min) was found for penetration into brain 
tissue, and zidovudine (ratio of 3.5%) was found to be superior to stavudine (ratio 
ofl.1%).90 

Intravenous studies 
Several studies evaluated single brain tissue-plasma ratios.56-77-91-103 The fol
lowing antiretroviral drugs were investigated by this inadequate method only: 
abacavir (1592U89), nevirapine, delavirdine and ritonavir.7177100102103 In other 
studies, however, brain-plasma ratios in steady state or AUC ratios were 
given.53-55,85,89.104-108 fij[ studies used HPLC (or radioimmunoassay) for drug con
centration measurements, except for two that measured total radioactivity.89-108 

In these two studies the major source of radioactivity is probably represented 
by inactive metabolites. Therefore, one should be cautious in interpreting their 
results. 

The values found for brain tissue-plasma ratios of a single drug vary widely 
between studies. (Table 4) However, zidovudine appears to penetrate better into 
brain tissue than didanosine. Furthermore, indinavir appears to be superior to 
both nucleoside analogues. CSF penetration ratios are given for comparison in 
Table 4. In intravenous studies that assessed both brain and CSF penetration, 
brain-plasma ratios were greater than CSF-plasma ratios. This difference disap
peared when a correction for the intravascular content was made.53 
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Microdialysis studies 
Brain tissue penetration of zidovudine was most often evaluated by using micro-
dialysis techniques.52-5961,87109"112 By using microdialysis it is possible to directly 
and continuously measure the free extracellular concentrations of drugs in tissue 
and blood. This is an important difference compared with intravenous models in 
which total drug concentration is measured. Therefore, results from microdialy
sis studies can be compared with one another, but for comparison with data from 
intravenous studies, the protein binding should be accounted for. Only two other 
drugs were evaluated by microdialysis: zalcitabine,113 and stavudine.52 Brain 
penetration of stavudine was greater than zidovudine. (Table 4) Furthermore, 
brain penetration of zidovudine was greater than zalcitabine. The results for sta
vudine and zalcitabine cannot be compared directly, because instead of a brain-
plasma ratio, a brain-muscle ratio was determined for zalcitabine.113 

In vitro models 
Three in vitro studies have been published.61 711H Relative values for penetra
tion were given in one study.1" Relative penetration across the monolayer for 
nevirapine, zidovudine and indinavir was 10:2:1. Penetration of delavirdine was 
virtually absent.111 Preliminary data show that abacavir and ritonavir may be 
superior to zidovudine when measured using this method.71 

CSF penetration studies 

Animals 
Only studies in which either the CSF-plasma ratio in steady-state (by continu
ous infusion) or CSF-plasma AUC are considered in this analysis. These stud
ies involved either primates,86'99'115"118 rodents52-55-59'61-63-87-108-109-111 or dogs.94104119120 

(Table 5) CSF-plasma ratios in ventricular fluid were low for zalcitabine (0.03), 
didanosine (0.05), and lamivudine (0.08) in primates. Ratios were much higher 
for zidovudine (0.21) and stavudine (0.50). D4T was not tested in primates but 
in rats . Ratios for specific drugs did not differ much among species. 

Other studies considered only a single CSF/plasma ratio.60-74103118121125 

Three drugs were evaluated by this method only; abacavir, efavirenz and 
524W91.74-103-124'125 Ratios were 0.17, 0.60, and 0.04 respectively at various time 
points after dosing. Interpretation of these ratios is difficult. 

Humans 
For data in humans, two different studies were reported.126128 Both studies eval
uated zidovudine. A steady-state CSF-plasma ratio of 24 +/- 9% was found in 
children, and an AUC ratio of 75 +/- 26% in adults. Absolute CSF concentra
tions as a function of time after last administered dose were compared.12-3739-
j 1.70.79.80.129-is? This comparison focused on CSF concentrations in patients who had 
chronic oral dosing schedules comparable to current schedules.12 37-39-4179129131141 

Table 6 shows CSF concentrations in humans after chronic oral dosing regimens 
of all antiretroviral drugs. Most studies used high-performance liquid chromato
graphic (HPLC) methods for the analysis, with the exception of three, which used 
radioimmunoassay for stavudine132 or zidovudine.12141 CSF concentration-time 
curves in chronic oral dosing are far more stable than plasma concentration-
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Figure 2 
Example of a concentration-time curve in the CSF and plasma after an intravenous bolus 
administration of a drug has been given. The plasma concentration decreases rapidly after 
the intravenous bolus administration. The CSF concentration-time curve lags behind the plasma 
concentration-time curve. The maximum CSF concentration is reached later than the maxi
mum plasma concentration. The CSF to plasma ratio changes during time, and in this example 
becomes > 1 after 3 hours. A single CSF to plasma ratio is therefore an inadequate method to 
estimate CSF penetration. 
The areas under the concentration time curves (AUC) from the start of the infusion to the last 
concentration measured in the plasma can be calculated and extrapolated to infinity. This CSF 
to plasma ratio of the AUC is a far more precise estimate for the availability of a drug in CSF. 
The AUCp]o.mo is shown in red and orange. The AUCCSF is shown in yellow and orange. The orange 
area is the area which is part of both AUCplasm. and AUCCSf. The red part of the AUCpk]v>io shows 
the time course during which plasma concentration > CSF concentration. The yellow part of the 
AUCCSF shows the time course during which CSF concentration > plasma concentration. 

time curves.1 2 1""" (Figure 2) Therefore, these concentrations could be present 
for most of the time, and can be compared with IC.(J values. (Table 2) 

The absolute CSF concentrations (expressed in (imol/L) of the different 
nucleoside analogues in humans did not differ more than two-three-
foU IL'71 in lsi.i.sK.isT.is'M ii £ g p c o n c e n t r a t i o n s of protease inhibitors appeared to be 
below the detection limits of the drug assay, except for indinavir. ; ! ' " j a " - j " 
Of the non-nucleoside reverse transcriptase drugs, some data were available on 
atevirdine, nevirapine, and efavirenz.79 I8 ":i Nevirapine showed by far the most 
promising CSF drug concentration. 

CSF-brain exchange 

Diffusion of zidovudine and stavudine from the CSF to the brain extracellular 
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Table 4 
Brain tissue penetration studies 

drug 

intravenous studies 
zidovudine 

didanosine 

indinavir 

microdialysis studies 
zidovudine 

stavudine 
zalcitabine 

brain uptake index 
zidovudine 

zalcitabine 
ddA (didanosine) 
indinavir 

brain -
plasma 
ratio (%) 

21 +/- 5 
0.85 
4.5 
4.7 
1-2 
3.1 
2 
89 

18 

19 
6 
8 + / - 2 
18 +/- 8 
19+/-5 
15+/-4 
33 +/- 5 

34 +/- 4 
19+/-4 

tudies 
< 1 
<5 
< 1 
< 1 
33 

in situ brain perfusion technique 
zidovudine 
stavudine 

3.5 +/- 0.6 
1.1 +/-0.1 

CSF-
plasma 
ratio (%) 

15 +/- 5 

-
-
1.5 
1.9 

-
2 
<2 

-

-
18 
17+/-5 
26 +/- 8 
29 +/- 6 
25 +/- 8 

-

50 +/- 9 

-

t* 

1.7+/- 0.2 
1.1 +/-0.1 

species 

dog 
rat 
mouse 
rat 
rat 
rat 
rat 
rat 

rat 

rat 
rabbit 
rabbit 
rabbit 
rabbit 
rat 
monkey 

rat 
rat 

rat 
rat 
rat 
rat 
rat 

guinea pig 
guinea pig 

method* 

SS 
AUC 
AUC 
SS 
SS 
AUC 
SS 
SS 

SS 

AUC 
AUC 
AUC 
SS 
SS 
SS 
AUC 

SS 
AUC 

remarksê 

includes 
metabolites 
includes 
metabolites 

sc bolus 

sc bolus; brain-
muscle ratio 

brain-muscle 
ratio 

ref. 

104 
106 
107 
54 
53 
85 
105 
108 

89 

112 
109 
59 
111 
87 
52 
110 

52 
113 

50 
88 
50 
50 
89 

90 
90 

* In intravenous and microdialysis studies, a brain tissue-plasma ratio of the drug was calculated, either in a 
steady state (SS) situation after a continuous infusion or as an area under the curve (AUC) ratio after an 
intravenous bolus administration; zidovudine appears to penetrate better into brain tissue than didano
sine; furthermore, stavudine appears to penetrate better than zidovudine. 

# In two studies a subcutaneous (sc) bolus was administered instead of an intravenous bolus; in two studies 
the total drug concentration instead of the unchanged drug concentration was measured; in two stud
ies a brain-muscle ratio instead of a brain-plasma ratio was calculated; the results of these 5 studies can
not be compared directly with those from the other studies. 

** Values 20 min after start of experiment. In brain uptake index studies, the drug uptake is measured rela
tive to the uptake of a reference compound. In situ brain perfusion technique measures brain-plasma 
ratios for up to 20 min after an intra-arterial bolus administration. Both techniques result in time-depend
ent ratios. Uptake is low, except for indinavir. 

ddA: dideoxyadenosine; ref.: reference 

fluid was found to be considerable during steady-state intracerebroventricular 
drug administration using microdialysis.5287 Using the ventriculocisternal tech-
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Table 5 
CSF penetration after intravenous drug administration in different species 

drug 

primates 
zidovudine 

zalcitabine 
didanosine 

lamivudine 

rodents 
zidovudine 

stavudine 
didanosine 

dogs 
zidovudine 

zalcitabine 
didanosine 

humans 
zidovudine 

CSF-plasma ratio 

0.21 
0.20 +/- 0.08 
0.22 +/- 0.09 
0.03 
0.05 
0.09 +/- 0.04 
0.08 +/- 0.05 
0.41 +/- 0.23 

0.29 +/- 0.06 
0.26 +/- 0.08 
0.25 +/- 0.08 
0.24 
0.1 7+/-0.05 
0.19 
0.15+/-0.02 
0.18 
0.50 +/- 0.09 
0.02 
<0.02 

0.15+/-0.05 
0.32 
0.03-0.07 
0.03-0.11 

0.75 +/- 0.26 
0.24 +/- 0.09 

type of CSF 

ventricular 
lumbar 
lumbar 
ventricular 
ventricular 
lumbar 
ventricular 
lumbar 

ventricular 
cisternal 
ventricular 
cisternal 
ventricular 
cisternal 
cisternal 
ventricular 
ventricular 
ventricular 
ns 

cisternal 
cisternal 
ns 
cisternal 

lumbar 
lumbar 

method 

AUC 

ss 
ss 
AUC 
AUC 
SS 
AUC 
AUC 

SS, M 
SS, M 
SS, M 
SS 
AUC, M 
SS 
AUC 
AUC, M 
SS, M 
SS 
ss 

ss 
AUC 
SS 
SS 

AUC 
SS 

reference 

117 
116 
118 
99 
115 
116 
86 
86 

87 
111 
52 
61 
59 
62 
63 
109 
52 
55 
108 

104 
94 
119 
120 

126 
127.128 

Transport of drugs across the blood-CSF-barrier: CSF-plasma drug concentration ratios were taken from 
studies in which the CSF to plasma ratio was measured during steady state (SS, continuous infusion) or in 
which the ratio between the areas under the curve (AUC) was calculated after intravenous bolus admin
istration. Results indicate that CSF-plasma ratios are low for zalcitabine, didanosine and lamivudine, and 
much higher for stavudine and zidovudine. 
M: microdialysis: ns: not stated 

nique, intraventricular administration appeared to be very inefficient because 
only small amounts of the drug diffused to brain tissue.51 Intraventricular admin
istration has been applied to humans, but its usefulness should be clearly proven 
before considering this technique in clinical practice.5287158 

DISCUSSION 

In the course of HIV infection, the presence and replication of HIV in the CNS 
is important, because in a minority of advanced-stage patients HIV replication 
in the CNS leads to HIV-dementia, and because the CNS is probably the most 
important sanctuary site in HIV-infected individuals. Important questions are 
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Table 6 
CSF concentration in humans during chronic oral dosing regimens 

drug 
dosing 
regimen 

timing of 
lumbar 
puncture (h) 

number of 
patients 

CSF concentration 
Qunol/L) 

ref. 

nucleoside analogues 
stavudine 

didanosine 
lamivudine 

zidovudine 

abacavir 

protease inhibitors 
saquinavir 

ritonavir 

indinavir 

non-nucleoside reverse 
atevirdine 
nevirapine 
efavirenz 

1.3 mg/kg 
1 mg/kg 
2 x 40 mg 

2 x 250 mg 
4-8 mg/kg 
2x 150mg 

1250 mg 
1250 mg 
< lOOOmg 
200- 1250 mg 
600 mg 
3 x 200 mg 

ns 

2 x 400 mg 

2 x 400 mg 

ns 
3 x 800 mg 
3 x 800 mg 
3 x 800 mg 

0.5 
2-3 

2-3 
3-4.5 
4.5-7 
4 
2-4 

2-3 
3-4.5 
4.5-7 
0.25-4 
2-4 
1-4.5 
1-8 
4 

2-3 
3-4.5 
4.5-7 
1.5-2 

5 

ns 

variable 
variable 
2-4 
ns 

transcriptase inhibitors 
3 x 600 mg 
120mg/m2 
1 x 200 mg 

ns 
ns 
1.2-22 

n=l 
n=4* 
n=13 

n=4 
n=2* 
n=21 

n=8 
n=3 
n=15? 
n=39 
n=8? 
n=10 

ns 

n=9 
n=1 
n=1 
n=2 
n=13 
n=10 
n=2 
n=l 

n=10 
n=6* 
n=3 

0.36 
0.07-0.24 

0.21 +/-0.02 
0.20 +/- 0.06 
0.28 +/- 0.08 
0.13-0.20 
0.23-0.31 

0.30 +/- 0.08 
0.29 +/- 0.07 
0.36+/-0.19 
0.43(0.22-0.71) 
< dl - 0.47 
0.153 (0.056-0.27) 
0.28 (0.05 - 1.06) 
0.41 (0.11 -0.66) 

0.12+/-0.02 
0.16+/-0.04 
0.17+/-0.00 
0.5 

<d l 
0.0085 
<d l 
0.048 - 0.079 
0.09 - 0.66 
0.05 - 0.45 
0.1 -0.14 
0.08-0.14 

0.003-0.185 
7.3 +/- 3.6** 
0.017-0.035 

131 
132 
12 

133 
134 
12 

136 
137 
140 
141 
139 
12 

74 

41.39 

41 

142 
40 
129 
37 

138 
143 
79 

* Values measured in children. The interval between the drug administration and the time of CSF 
examination is given as timing of lumbar puncture. The CSF concentrations are given as a single value, a 
mean +/- SD. or a median value and range of values. 
dl: detection limit; ns: not stated; ref.: reference 
** Note added after publication: recent data in 7 patients: 0.005-0.013 Beebe et al. 39th Interscience 
Conference on Antimicrobial Agents and Chemotherapy, San Francisco, CA, USA, 1999 abstract 2189 

as follows: Is it possible to suppress viral replication within the CNS as success
fully as observed systemically with the current available antiretroviral drugs? 
Which drugs should be used for this purpose and how should their efficacy be 
measured? 
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Drug entry into the CNS is hampered by the the BBB and BCB barriers. CNS 
entry probably occurs purely by diffusion, because currently no antiretroviral 
drug transporters have been found.51 Drugs with a very high protein binding 
(i.e., most protease inhibitors) are impeded in crossing these barriers.18 Lipid-
soluble drugs are known to have better CNS penetration; however, an optimum 
lipid solubility exists for drugs with an oil/water partition coefficient of 2 log10. 
The nucleoside analogues therefore have lipid solubility that is too low, and most 
protease inhibitors have lipid solubility that is too high. Nevirapine appears to 
be have the best drug characteristics. Many drugs with a molecular weight above 
500 Da (including protease inhibitors) have been found to be a substrate for 
P glycoprotein, which is responsible for actively removing several lipid soluble 
compounds from the brain parenchyma.66 Different efflux mechanisms seem to 
exist for several nucleoside analogues, further impeding effective CNS drug con
centrations.57 

Even though knowledge on CNS entry of antiretroviral drugs in animals and 
humans is limited, the following summary may be given. Considering brain 
tissue penetration of the nucleoside analogues, zidovudine has brain tissue levels 
that are -20% and stavudine has levels that are -30% of concomitant plasma 
levels. Both drugs appear to be superior to didanosine (-2-4%). For lamivudine 
no data on brain tissue penetration are available. Two studies comparing sta
vudine and zidovudine yielded conflicting results.52-90 Zidovudine was found to 
be superior to stavudine using the brain perfusion technique, but inferior using 
microdialysis a t steady state. This difference, however, may be explained by a 
slower, but not necessarily inferior CNS penetration of stavudine. The steady 
state results should probably be given more weight. CSF penetration studies 
show that zalcitabine, didanosine and lamivudine have low CSF penetration, 
comparable with methotrexate and cephalosporins.68 Zidovudine and stavudine 
have much higher CSF to plasma ratios. However, after chronic oral dosing 
all nucleosides reached comparable absolute CSF concentrations (expressed in 
umol/L) in humans. Because it is believed that the amount of time in which 
the (CSF) drug concentration is above IC50 levels is important, these CSF con
centrations should be compared with IC50 levels.14'159 Because of large variabil
ity in published ICrj0 values, one should be cautious in the comparison of drug 
levels with IC_0 values. Lamivudine and zidovudine appear to have the most 
favourable CSF concentration-IC50 ratios. The data on protease inhibitors and 
non-nucleoside reverse transcriptase inhibitors are still too sparse to draw firm 
conclusions. Indinavir and nevirapine appear promising as they show the best 
CSF concentration-IC50 ratio in humans and in experimental studies.89 Prelimi
nary findings on in vitro penetration showed the most favourable results for 
nevirapine and ritonavir.74111 

Efficacy measured as a reduction in CSF viral load show promising results 
for zidovudine monotherapy, lamivudine/zidovudine, lamivudine/stavudine, and 
other nucleoside-containing multiple drug regimens.8'12,21-35,36 It has thus been 
demonstrated that it is possible to reduce the number of HIV RNA copies in CSF 
to undetectable levels with antiretroviral drug regimens that cross the CNS bar-

Antiretroviral drugs and the CNS 

27 



r i e r s . I t is sti l l not c lear ly es tabl ished w h e t h e r C S F v i ra l load reflects vi ra l load 
w i t h i n t h e b r a i n p a r e n c h y m a during ea r ly s t a g e s of HIV infection, b u t C S F v i ra l 
load w a s found to c o r r e l a t e w i t h brain p a r e n c h y m a l v i rus load in p a t i e n t s wi th 
A I D S dement i a . 1 0 B e c a u s e v i ra l load wi th in t he C S F a n d blood c o m p a r t m e n t 
of ten do not co r re l a t e , a lack of response wi th in t h e C N S concomi tan t ly wi th a 
good r e s p o n s e in p l a s m a (so-called 'CNS escape') m a y be possible , a n d h a s indeed 
b e e n p rev ious ly described. 1 6 0 Therefore, C S F sampl ing , even t h o u g h a n invas ive 
p r o c e d u r e , m a y become i m p o r t a n t in r o u t i n e follow-up of p a t i e n t s wi th undetec t 
ab le p l a s m a v i ra l l oads to es tab l i sh w h e t h e r a C N S r e s p o n s e h a s also occurred. 
M o r e d a t a on t h i s subjec t a r e urgent ly needed. 

C o n s i d e r i n g al l t h e ava i l ab l e information, a t p r e s e n t we would r e c o m m e n d e i the r 
l a m i v u d i n e / z i d o v u d i n e or l amivud ine / s t avud ine c o n t a i n i n g d r u g combina t ions 
for o p t i m a l t r e a t m e n t of H I V replicat ion wi th in t h e C N S . W h e n more d a t a on 
o t h e r d r u g s a r e ava i l ab le , t h e s e r ecommenda t ions m a y be b r o a d e n e d to inc lude 
o t h e r t h e r a p i e s . 

We would like to express our appreciation to our colleague Delmar Molenaar for 
providing the cartoons in Figure 1. 
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Abstract 

Objective: To assess the clinical presentation and course of the AIDS dementia 
complex (ADC). 
Design: Retrospective study of a consecutive series of symptomatic HIV-1 infected 
patients (Centers for Disease Control (CDC) groups IVA, B, C, and D) evaluated 
for neurological symptoms between 1982 and 1992. 
Setting: An academic referral center for AIDS. 
Patients: 536 symptomatic HIV-1 infected patients examined for neurological 
symptoms from 1982 to 1992. 
Interventions: Zidovudine treatment, which was introduced to The Netherlands 
on 1 May 1987 for patients with severe symptoms of HIV infection (CDC groups 
IVA, B, C, and D). 
Main outcome measures: Diagnosis of ADC and CD4 cell count, clinical fea
tures, neuropsychological abnormalities, computerized tomography and magnetic 
resonance imaging abnormalities, cerebrospinal fluid findings and course in 
patients with the ADC. 
Results: The ADC was diagnosed in 40 of 536 (7.5%) symptomatic HIV-1 infected 
patients. In 6 of them ADC was the AIDS-defining illness. The mean CD4 cell 
count in 40 patients with ADC was 109.10"/I. Neuropsychological abnormali
ties, in 15 of 17 patients tested, were in accordance with a subcortical dementia. 
On CT-scan of the brain 70% showed none or only mild cortical atrophy. For 
detecting white matter abnormalities MRI of the brain was more sensitive than 
CT-scan: abnormalities in 73% versus 35% (p-0.02). Cerebrospinal fluid exami
nation showed mononuclearpleocytosis in 25%, protein level increase in 55%, and 
HIV-1 p24 core protein in 38% (13/34). 

The mean survival in 40 patients was 6.7 months. However, in 20 patients 
who never used zidovudine the mean survival was 4 months, compared to 14.8 
months in 10 patients who started on zidovudine after they were classified as 
having ADC (p<0.001). In those 10 patients 3 improved remarkably after starting 
with zidovudine and 2 slightly. In 9 patients ADC developed after discontinua
tion of zidovudine. Only one patient developed ADC while on 600 mg zidovudine. 
Conclusions: ADC developed in 40 of 536 (7.5%) neurologically symptomatic 
HIV-infected individuals in CDC group IV. All patients with ADC were immu-
nosuppressed. MRI is more sensitive than CT in detecting white matter abnor
malities. To date there is no specific and no sensitive CSF-marker for ADC. 
Zidovudine may improve symptoms and may prolong survival in patients with 
ADC. In our experience ADC rarely developed (n-1) in patients who continue to 
use zidovudine. 
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INTRODUCTION 

One of the most important neurological syndromes in patients with AIDS is the 
AIDS dementia complex (ADC)1 or HIV-1-associated cognitive/motor complex, 
as it has been designated recently.2 

This dementia is characterized by disturbances in cognition, motor perform
ance and behavior, and usually becomes clinically overt in the advanced stages 
of HIV-1 infection.13 The clinical and neuropsychological abnormalities in ADC 
are compatible with socalled 'subcortical dementia'.1 The diagnosis of ADC is one 
of exclusion.5 Cerebrospinal fluid (CSF) and neuroimaging procedures are man
datory to rule out other conditions that could explain the clinical findings. There 
is still uncertainty about the prevalence of ADC. In some retrospective series 
prevalences of 16-21% have been reported.6 8 Furthermore the epidemiology of 
ADC has been influenced by the introduction and widespread use of zidovudine. 
Recent prevalence studies, however, suggest that a third of patients with AIDS 
still eventually develop a mild or severe form of ADC.9 

Computerized tomography (CT) and magnetic resonance imaging (MRI) scan
ning of the brain in ADC often reveal widened cortical sulci and enlarged ven
tricles.1 MRI scan may show patchy or diffuse increased signal intensity on 
T2-weighted images in the white matter of the hemispheres.1011 Examination of 
the CSF in ADC may reveal aspecific abnormalities like a mononuclear pleocy-
tosis and increased protein level. More specifically detection of HIV-1 p24 anti
gen, the presence of which is independent of HIV-1 p24 antigen in the serum, 
is correlated with ADC in adults and progressive encephalopathy in children 
with AIDS.12 Nonspecific CSF-markers of immune activation, P-2-microglobulin, 
neopterin and quinolinic acid correlate with both the severity of the ADC and i ts 
response to antiretroviral therapy.1315 

The principal histopathological abnormalities in ADC are most prominent in 
the subcortical structures.16 Two patterns of abnormalities are distinguished: 
1) HIV encephalitis, with multiple disseminated foci of multinucleated giant 
cells and other inflammatory cells and 2) HIV leukoencephalopathy, with diffuse 
white matter damage, but little or no inflammatory infiltrates.17 These two pat
terns may overlap and transition between them may occur. The multinucleated 
giant cells are now considered to be essential for the diagnosis of HIV-1 infection 
of the central nervous system (CNS).18 Although patients with more severe clini
cal manifestations tend to have more severe neuropathology, clinico-pathological 
correlation may be poor in about one third of patients.19 

Substantial evidence supports a direct causal role for HIV-1 in the patho
genesis of ADC.2024 In this pathogenetic process the production and release of 
cell-coded toxins, particularly cytokines and/or viruscoded neurotoxins (e.g. viral 
proteins like gpl20) may contribute to CNS dysfunction. 15>25-26 

It has been demonstrated that ADC may improve after t reatment with zido
vudine.27 Besides this therapeutic efficacy, there is an important prophylactic 
efficacy of zidovudine use. The incidence of ADC has declined strikingly after the 
introduction of zidovudine.28 

The purpose of this study was to review our experience with the ADC in order 
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to further define the clinical characteristics of ADC, to determine the usefulness 
of diagnostic procedures and to assess any influence of zidovudine treatment. 
Therefore we reviewed the medical records of all neurologically symptomatic 
HIV-1 infected individuals of the past ten years and analyzed in detail the 
pat ients with ADC. 

METHODS 

The medical records of all 536 symptomatic HIV-infected patients (CDC group 
IV) with neurological symptoms seen in the outpatient clinic and in consulta
tion of the Academic Medical Center in Amsterdam, an academic AIDS refer
ral center, between August 1982 and January 1992, were reviewed. This review 
of 536 records revealed 40 patients who met the CDC criteria for AIDS demen
tia complex.5 These criteria include: a) disabling cognitive and/or motor dysfunc
tion, progressing over weeks to months, (disabling is defined as: interfering with 
occupation or activities of daily living) b) the absence of a concurrent illness or 
condition other than HIV-infection that could explain the cognitive and/or motor 
dysfunction, and c) the absence of an opportunistic infection or tumor of the CNS 
complicating HIV-1 infection , as ruled out by neuro-imaging studies and CSF-
analysis. The 40 patients who met these criteria were included in this study. 

In these patients the following data were reviewed: age, sex, risk factor for 
HIV-infection, CDC-classification at presentation and CD4 cell count. CD4 cell 
numbers in peripheral blood were determined by flow cytofluorometry as previ
ously described.-9 A CD4 cell count > 500.106/1 was considered normal. 

CT scans of the brain were reviewed by two of us (PP, RHE). Cortical atro
phy, ventricular enlargement and diffuse white matter hypodensity were scored 
as: none, mild, moderate and severe. MRI scans of the brain were performed 
in 15 patients. MRI scan was not easily available until 1986. MRI scans were 
reviewed by two of us (PRA, PP). Cortical atrophy, ventricular enlargement and 
white mat ter hyperintensity on T2-weighted images were scored as: none, mild, 
moderate, severe. 

Routine analysis of the CSF (cells, protein, cultures) was performed. The 
CSF was tested for HIV-1 p24 antigen by a solid phase, sandwich type enzyme 
immunoassay (Abbott Laboratories, North Chicago, United States) as previously 
described.30 The cut off value indicating a positive result varied from 30 to 50 
pg/ml among assays. Neuropsychological assessment was performed by one of us 
(MMAD). Neuropsychological testing was not part of the work-up right from the 
s tar t of the epidemic and some end-stage patients were unable to perform the 
tests , we have test results for only 17 patients. The neuropsychological test bat
tery, which is described elsewhere31-", included the Mini Mental State Examina
tion (MMSE) and the Groninger Intelligence Test (GIT), except for one patient 
for whom the WAIS-R was used. In addition tests for assessment of perceptual-
motor speed and concentration, attention and memory, word fluency, and a 
screening test for the presence of aphasia, anomia, apraxia, alexia, agraphia and 
agnosia were included. The results of each of these tests were dichotomized to 
obtain a binary score of 'normal ' and 'abnormal'.'1 ,32 
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Zidovudine was introduced in The Netherlands in May 1987. All patients 
diagnosed with ADC afterwards have been treated with zidovudine for variable 
periods of time and with variable dosages (400-1200 mg) in the course of their 
HIV-infection. All 40 records were reviewed for zidovudine-use, course and 
survival. Survival was defined as the interval between the date of diagnosis, 
arbitrarily defined as the day when ancillary investigation had excluded other 
diagnoses, and death. 

RESULTS 

I. Base-line characteristics of patients with ADC 

Of the 536 symptomatic HIV-1 infected patients, examined by a neurologist 
between August 1982 and January 1992, 40 (7.5 %) were diagnosed as having 
ADC. Of the 40 patients with ADC 39 were homo/bisexual men and one patient 
was a female intravenous drug user. The mean age was 39.5 years (range: 23-62 
years). At the time of diagnosis six of the 40 patients (15 %) were classified 
in CDC-group IV-A; in these patients ADC was the AIDS-defining illness. The 
other 34 patients were, at the time of diagnosis, already classified as having 
AIDS (31 patients CDC-group IV-Cl, 3 patients CDC-group IV-D). 

The mean CD4 cell count at the time of diagnosis in 40 patients was 109.106/1 
(range:8-420). The six patients who presented with ADC had a mean CD4 cell 
count of 165.106/1 (range: 50-400). The 34 patients not presenting with ADC 
had a mean CD4 cell count of 100.10r,/l (range:8-420) (Mann-Whitney U test: 
p=0.19). 

In these base-line characteristics no significant differences were found between 
patients who presented with ADC and patients who did not (data not shown). 

Table 1 
Neurological diagnoses and mean CD4+ cell counts in 536 symptomatic HIV-intected 
patients evaluated between 1982-1992 

diagnosis no(%) mean CD4 cell count (xl06/l) 

AIDS dementia complex 
cerebral toxoplasmosis 
cryptococcal meningitis 
PML 
CMV-polyradiculitis 
primary CNS lymphoma 
leptomeningeal metastasis 
vacuolar myelopathy 
peripheral neuropathy 
miscellaneous 

40 (7,5) 
64(12) 
32(6) 
15(3) 
7(1) 

13(2) 
8(1) 

12(2) 
124(23) 
221 (41) 

109 
65 

100 
200 

10 
50 

150 
210 
165 

PML= progressive multifocal leukoencephalopathy 
CMV= cytomegalovirus 
CNS= central nervous system 
Miscellaneous included: headache e.c.i., febris e.c.L seizures, aseptic meningitis, neurolues, tuberculous 
meningitis, psychosis, myopathy, listeria meningitis, cerebrovascular complications, and undefined 
intracranial mass lesions. 
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The principal neurological diagnoses (with mean CD4 cell counts) in the other 
pat ients are shown in Table 1. 

II. Clinical Features, neuro-imaging studies, CSF-analysis 

Clinical features 
In all patients the triad of cognitive, motor, and behavioral dysfunctions, as 
described in the original paper on ADC1, was present. In six patients (15%) the 
dementia was accompanied by a severe myelopathy. 

Neuropsychological assessment was performed in 17 patients (mean age 37.7; 
mean school education 12.9 years). The cognitive profile in 15 patients was in 
accordance with a diagnosis of subcortical dementia. In addition to intellectual 
deterioration, their main cognitive deficits consisted of slowed down psychomo
tor speed and impaired concentration, defective attention and memory deficits, 
and in a subgroup often patients reduced word-fluency. One patient performed 
below cut-off scores on some of the tests measuring memory and psychomotor 
speed, but otherwise scored within normal limits, and one patient was severely 
impaired and performed poorly on all tests. In those patients, the most severely 
impaired individuals, who perform poorly on most if not all tests, it is not possi
ble to make the differentiation cortical versus subcortical pattern based on neu
ropsychological assessment. A summary of the testresults of the various tests is 
given in Table 2. 

Neuro-imaging 
CT-scans of the brain, performed in 40 patients with ADC, showed no cortical 
atrophy in 12 patients (30%), mild atrophy in 16 (40%), moderate atrophy in 6 
(15%), and severe atrophy in 6 (15%). The ventricles were normal in 13 patients 
(33%>), mildly enlarged in 13 (33%), moderately enlarged in 7 (18%) and severely 
enlarged in 7 (18%). The white matter was normal in 26 patients (65%), mildly 
hypodense in 10 (25%), moderately hypodense in 3 and severely hypodense in 1. 
(Table 3) 

MRI scans of the brain were performed in 15 patients. In 4 patients there was 
no cortical atrophy, in 7 mild, in 2 moderate and in 2 severe peripheral atrophy. 
In 6 patients the ventricular size was within normal limits, in 5 there was mild 
ventricular enlargement, in 2 moderate and in 2 severe ventricular enlargement. 
Diffuse white mat ter abnormalities on T2-weighted images were present in 11 
pat ients (mild: 3, moderate: 5 and severe: 3). (Table 3) 

Cerebrospinal fluid 
CSF examination was performed in 40 patients with ADC. The CSF showed 
mononuclear pleocytosis in 10 patients (25%) (range 6-50 cells/mm3) and increased 
protein level in 22 (55%) (range 0.53 - 1.71 g/1). CSF was assayed for HIV-1 p24 
antigen in 34 patients. None of them used zidovudine at the time of lumbar 
puncture. Antigen was detectable in 13 patients (38%). 

III. Zidovudine-use, course and survival 

Twenty of the 40 patients did never use zidovudine during the course of their dis
ease. In 10 patients zidovudine was started after the diagnosis ADC was made. 
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Table 2 
Neuropsychological test results in 17 patients with ADC 

abnormal test results 

Mental state 
- MMSE raw score 

Intelligence 
- Groninger Intelligence Test 

Attention 
- Digit Span WAIS- R 

Memory 
- 15 Word- test immediate recall 
- 15 Word- test delayed recall 
- WMS Visual Memory 

(immediate recall) 

mean score 21 (range: 8-28) 

16/17 

8/17 

15/16 
15/16 
11/15 

Language 
- Category bound word fluency 

Psychomotor speed 
- Trailmaking A 
- Digit Symbol WAIS- R 
- Stroop Colour Word I 
- Stroop Colour Word II 

Executive control functioning 
- Trailmaking B 
- Stroop Colour Word III 

Cortical functions 
- communicative ability 
- naming 
- reading 
- writing 
- arithmetic 
- visual gnosis 
- praxis 
- perseverative behavior 

10/17 

17/17 
13/17 
13/15 
13/15 

15/17 
14/16 

3/17 
2/17 
2/17 
1/17 
1/17 
1/17 
1/17 
6/17 

For criteria and test references see references 31 and 32 

Table 3 
Neuro-imaging findings in 40 patients with ADC 

CT-scan in 40 patients (MRI in 15 patients) 

none mild 
CT (MRI) CT (MRI) 

cortical atrophy 30% (27%) 40% (47%) 
ventricle enlargement 33% (40%) 33% (33%) 
white matter abnormalities 65% (27%) 25% (20%) 

moderate severe 
CT (MRI) CT (MRI) 

15% (13%) 15% (13%) 
18% (13%) 18% (13%) 
8% (33%) 3% (20%) 

white matter abnormalities: hypodense white matter on CT and white matter hyperintensity on MRI 

Six of them started with 1200 mg per day (which later had to be changed to 
500/600 mg in 3 patients), and 4 patients were treated with 400-600 mg per day 
(duration of treatment: 1-32 months) (Table 4). In 9 other patients ADC devel-
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Table 4 

Patients with ADC treated with zidovudine 

patient 
zidovudine dose 

(duration) 
survival CSF Ag CT MRI clinical improvement 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 

500-1200(32) 
500-600 (24) 
500(16) 
600-1200(10) 
500(14) 
1200 (1) 
400-500 (7) 
600-1200(14) 
600-1200(8) 
1000-1200(6) 

32 
24 
16 
22 
14 
2 
7 

16 
9 
6 

-
-
+ 

-
+ 

-
+ 
+ 

-
+ 

0 
+ 
+ 

+++ 

++ 
+ 

+++ 
+++ 

0 

+ 

0 
nd 
nd 
nd 
nd 
nd 
+++ 

+ 

0 
+++ 

+ 
+ 
+ 
+ 
+ 

-
-
-
-
-

zidovudine dose in mg/day; duration: duration of treatment in months; survival in months; CSF Ag: HIV-1 
p24 antigen in cerebrospinal fluid; CT: ventricular enlargement on CT-scan of the brain; MRI: white matter 
hyperintensity on MRI scan of the brain; 0 = none, + = mild, ++ = moderate, +++ = severe; improvement: + = 
remarkably, +_= slightly, - = no improvement 
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Figure 1 
Kaplan-Meier curves 
c o m p a r i n g 20 pat ients 
w i th AIDS d e m e n t i a 
c o m p l e x (ADC) w h o 
never r e c e i v e d zido
vud ine ( ) w i th 10 

pat ients w h o star ted 
z idovud ine a f te r the 
diagnosis ( — ) . 

oped after zidovudine (in 8/9: 500 mg per day) was discontinued (one improved 
after a rechallenge with 500 mg), which means that 39 of the 40 patients with 
ADC did not use zidovudine at the time of diagnosis. Only one patient developed 
ADC while on 600 mg of zidovudine treatment. 

In the group of ten patients who started with zidovudine after the diagnosis 
was made, three improved remarkably (at least 1 stage according to the staging 
scheme for ADC33; stage 3 to 2 or stage 2 to 1; 2 high-dose zidovudine, 1 low-
dose zidovudine), 2 slightly (less than 1 stage; 1 high-dose zidovudine, 1 low-dose 
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zidovudine) and 5 patients did not improve. In those who improved remarkably 
improvement lasted for 16, 24 and 32 months respectively; two of them are still 
alive. 

The mean survival in the group of 40 patients was 6.7 months (median: 4 
months; range: 0-32 months). In 20 patients who never used zidovudine the 
mean survival was 4 months (median: 3 months; range 0-13 months). In 10 
patients who started with zidovudine after they were classified as having ADC 
the mean survival was 14.8 months (median: 14 months; range 2-32 months) 
(Table 4). The difference in mean survival between these two groups was sig
nificant (Mann-Whitney test: p<0.001). Differences in survival between these 
two groups were also calculated according to the product-limit method of Kap
lan-Meier, and are shown in Figure 1. The mean survival in the patients who 
developed ADC after zidovudine was discontinued, was 2.8 months (median: 3 
months; range 0-5 months). 

DISCUSSION 

ADC occurred in 40 of 536 symptomatic HIV-infected individuals evaluated for 
neurological problems between 1982 and 1992 in an academic referral center 
for AIDS in Amsterdam. All ADC-patients were immunosuppressed at the time 
of diagnosis, with a mean CD4 cell count of 109.106/1. Although ADC usually 
appears after the development of the major opportunistic infections or neoplasms 
that define systemic AIDS, it may occur before major systemic complications.34 

This is supported by our data; in six patients (15 %) ADC was the AIDS-defining 
illness. No significant differences in base-line characteristics were found between 
these six patients and the 34 patients who were already diagnosed with AIDS. 

The ADC-incidence of 7.5% found in this study is lower than incidences 
reported in other retrospective studies, in which 16-21 % of untreated patients 
in the late stages of HIV infection (CDC group IV) evaluated for neurologic com
plaints, were diagnosed with ADC.68 The introduction of zidovudine has prob
ably contributed to this difference; the overall study-period included one period 
before introduction of zidovudine and one thereafter (with a lower incidence). 
A CDC-analysis over the period 1987-1991 revealed an incidence of 7.3%. How
ever this represented an underestimate of the actual incidence, because in these 
patients ADC was the AIDS-defining illness. Patients developing ADC later in 
their course are often not reported to the CDC.35 A recent Italian study reported 
an incidence of 5.5% (15/271) for ADC as AIDS-defining illness.3" 

The results of this study emphasize that CSF- and CT/MRI-abnormalities cor
relate poorly with the clinical syndrome. Widened cortical sulci and enlarged 
ventricles are well-established CT/MRI-scan features of ADC.1 However, 70% of 
the patients in the present study showed none or only mild cortical atrophy on 
CT-scan and 33% had a normal ventricle size. In 4 patients (27%) there were 
no white-matter abnormalities on MRI-scan. For detecting white matter abnor
malities in ADC MRI is more sensitive than CT (74% versus 28%; Fisher's exact 
test p=0.02) (Table 3). Severe neurodiagnostic abnormalities did not correlate 
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with a poor prognosis. Survival in patients with severe white matter abnormali
ties on MRI was not significantly shorter than survival in patients with none or 
mild abnormalities (5.25 versus 10.66 months, p=0.40). And survival in patients 
with severely enlarged ventricles on CT-scan was not significantly shorter than 
survival in patients with normal or mildly enlarged ventricles (5.8 versus 6.8 
months, p=0.72). In our series CSF-examination offered little help in supporting 
an ADC diagnosis. An aspecific mononuclear pleocytosis was found in 25%, and 
protein level increase in 55%. HIV-1 p24 core protein in the CSF was detectable 
in 38% of patients examined. 

With the introduction of zidovudine the prevalence of ADC has changed. Our 
observations on a declining incidence of ADC after the introduction of zidovu
dine, have been confirmed by others87 and neuropathological data indicate that 
zidovudine reduces the incidence of HIV infection of the brain.3839 The results of 
the present study suggest tha t in symptomatic HIV-1 infected individuals, ADC 
rarely develops during zidovudine treatment. A recent zidovudine study, com
paring early versus late t rea tment in symptomatic patients, supported this find
ing.40 In this study ADC was the AIDS-defining illness (and clinical end point) in 
0 of 170 patients in the early treatment arm, compared to 6 of 168 patients in the 
late t rea tment arm (starting with zidovudine when CD4 cell counts fell below 
200.106/1 or when AIDS developed) (Fisher's exact test, p=0.03). 

The only patient in our series who did develop ADC while on zidovudine 
t rea tment used 600 mg per day, which may not be sufficient in preventing ADC. 
A recently published double-blind dose-response study of zidovudine in AIDS 
and advanced HIV infection showed a trend towards fewer ADC-cases with the 
higher doses, with 13 of 160 patients (8%) in the 400 mg group, 10 of 158 (6%) in 
the 800 mg group and 5 of 156 (3%) in the 1200 mg group who developed ADC." 

Furthermore, our study suggests tha t zidovudine may prolong survival in 
pat ients with ADC who start with the drug after a diagnosis of ADC is made. 
However, one could argue tha t survival may have been seemingly prolonged 
because of earlier recognition of the syndrome without real gain in survival, or 
t ha t survival in patients with AIDS has been prolonged anyway by improved pro
phylactic and therapeutic options in the past few years. Nevertheless we believe 
tha t zidovudine has definitely contributed to prolonged survival in patients with 
AIDS (with and without ADC), which for example has been shown in the Italian 
study already mentioned (22.1 months versus 10.6 months; n=271).36 

As long as we have no definitive test for ADC, we will have to accept the clini
cal syndrome as the gold standard. ADC is a diagnosis of exclusion, although 
white matter abnormalities on MRI, HIV-1 p24 antigen detection in the CSF 
and a 'subcortical' profile on neuropsychological test may support the clinical 
diagnosis. Zidovudine t reatment is warranted in all cases of ADC in order to 
alleviate symptoms and prolong survival. Most importantly however, the results 
of our study suggest that ADC rarely develops in patients who continue to use 
zidovudine. In our opinion, the decision whether an HIV-infected patient is zido-
vudine-intolerant should be made cautiously. 
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Abstract 

Objective: To assess the HIV-1 RNA response and drug concentrations in the 
cerebrospinal fluid (CSF) and serum during treatment with saquinavir (SQV)/ 
ritonavir (RTV) or SQV/RTVplus stavudine (d4T) in HIV-1 infected patients. 
Design: Multicenter, open label, randomized controlled trial. 
Methods: Two hundred and eight protease inhibitor (PI)- and d4T-naive, HIV-1 
infected patients were treated with RTV 400 mg bid and SQV 400 mg bid +/-
d4T 40 mg bid. Intensification with reverse transcriptase inhibitors was allowed 
if serum HIV-1 RNA remained >400 copies/ml after 12 weeks. In twenty-seven 
volunteers both CSF and serum HIV-1 RNA were measured at baseline, week 12 
and 48, using the Roche Amplicor assay and the Ultrasensitive HIV-RNA assay. 
In 22 patients, serum and CSF drug concentrations were determined at week 12. 
Results: The median baseline serum and CSF HIV-1 RNA concentrations were 
4.81 and 3.21 logw copies/ml respectively. A significant difference in proportion 
of patients with a CSF HIV-1 RNA level below the limit of quantification (<LLQ) 
after 12 weeks was found: 4/14 (RTV/SQV) versus 12/13 (RTV/SQV/d4T) 
(p=0.001). Similar results were found using the ultrasensitive assay. Patients 
with a baseline CSF HIV-1 RNA level <LLQ remained <LLQ, regardless of the 
treatment regimen. Treatment with RTV/SQV alone was the only independent 
predictor of a CSFHTV-1 RNA level >LLQ at week 12 (p-0.005) in logistic regres
sion analysis. CSF RIV and SQV concentrations were <LLQ in most patients. 
Conclusion: RTV/SQValone cannot suppress detectable CSF HIV-1 RNA levels 
to <LLQ after 12 weeks of treatment in the majority of patients. CSF drug concen
trations of RTV and SQV <LLQ may explain the suboptimal antiretroviral effect 
in the CSF. 
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INTRODUCTION 

The rate of progression of HIV disease and the time to death is predicted by 
the magnitude of active HIV replication.1 Therefore, there is consensus that 
the goal of antiretroviral t reatment is maximal suppression of viral replication 
as reflected by the lowest possible HIV-1 RNA levels in plasma.2 Preliminary 
reports have suggested tha t a combination of saquinavir (SQV) and ritonavir 
(RTV) alone can produce a sustained decrease of plasma HIV-1 RNA to below 
200 copies/ml and a substantial increase in CD4 cell counts.3 However, the cen
tral nervous system (CNS) may represent an important sanctuary site for HIV, 
as the blood-brain-barrier restricts the passage of a number of antiretroviral 
drugs. ' Nucleoside analogue reverse transcriptase inhibitors (NRTIs) have been 
reported to penetrate the cerebrospinal fluid (CSF) well.5 In contrast, low RTV 
and SQV concentrations in the CSF have been reported.5 We investigated the 
effect of RTV/SQV combination therapy with or without stavudine on HIV-1 
RNA levels in blood and CSF. 

METHODS 

Study Design 

The Prometheus study is an open label, randomized controlled, multicenter 
trial among HIV-1 infected patients in the Netherlands and Belgium. Patients 
received orally either RTV 400 mg twice daily (bid) plus SQV 400 mg bid or RTV 
400 mg bid plus SQV 400 mg bid plus stavudine (d4T) 40 mg bid (30 mg bid if 
body weight was below 60 kg). Participants had to be protease inhibitor (PI)-
and d4T-naive before the start of the study. Intensification of study medication 
with NRTIs was allowed if serum HIV-1 RNA remained > 400 copies/ml after 12 
weeks of treatment, confirmed at week 18.6 

Lumbar punctures were performed in 27 study participants at baseline and 
after 12 and 48 (12 pts) weeks of t reatment to assess HIV-1 RNA and drug con
centrations in both serum and CSF. 

Study Assessments 

In twelve CSF samples obtained at week 12, protein and white cell count were 
determined. Serum and CSF HIV-1 RNA levels were measured using a commer
cially available PCR-based assay with a variable lower limit of quantification 
(LLQ) (median 230 copies/ml, range: 94-841 copies/ml) (Amplicor HIV Monitor 
Test, Roche Diagnostic Systems Inc., Branchburg, New Jersey, USA). If HIV-1 
RNA values were < LLQ, the cut-off values were used as the individual's HIV-1 
RNA value in all analyses. If HIV-1 RNA values were < LLQ in the s tandard 
assay and enough sample was available, the serum or CSF was retested using 
the Roche Ultrasensitive HIV-1 RNA assay with a variable LLQ, which was 50 
copies/ml or lower. 

RTV, SQV and d4T concentrations in serum and CSF were analyzed by vali
dated high performance liquid chromatographic assays with ultraviolet detec-
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tion as described before.79 The LLQ for RTV, SQV and d4T in these assays were 
25, 2.5, and 10 ng/ml respectively. 

Statistical Analysis 

A log10 transformation was performed on all HIV-1 RNA concentration values. 
Results are reported as medians and interquartile ranges. Differences in base
line variables and differences in proportions of patients with HIV-1 RNA in 
the CSF < LLQ between the treatment arms were tested using the two-tailed 
Fisher's exact test and the Wilcoxon's signed rank sum test, where appropriate. 
Correlation between baseline HIV-1 RNA in serum and CSF was tested using an 
unweighted linear regression model. 

We examined the correlation between baseline characteristics (baseline serum 
and CSF HIV-1 RNA, t rea tment arm and pre-treatment status) and the study 
outcome 'CSF HIV-1 RNA > LLQ at week 12', using univariate logistic regres
sion models. Then, the best fitted multivariate logistic regression model was con
structed using both forward and backward selection. Reported P-values are all 
two-tailed and were considered statistically significant if < 0.05. Analyses were 
performed using SAS, version 6.12 (SAS Institute, Cary, North Carolina, USA). 

The study was approved by the Protocol Review Board of the National AIDS 
Therapy Evaluation Center and the local Medical Ethical Committees of the par
ticipating sites. All participants gave separate written informed consent for this 
neurological sub study. 

RESULTS 

Baseline Characteristics 

Two hundred and eight patients were randomized between January 1997 and 
Janua ry 1998. Paired serum/CSF samples, obtained at week 0 and week 12, were 
available from 27 participants (RTV/SQV:14, RTV/SQV/d4T:13). Eight patients 
(30%) had been treated with one or more RTIs before s tar t of the study. One 
patient in the RTV/SQV group was diagnosed with progressive multifocal leuko-
encephalopathy before the s tar t of the study, which was progressive despite the 
initiation of antiretroviral therapy. None of the study participants was diagnosed 
with a neurological disease during the study. 

At baseline, the only significant difference between the t reatment groups was 
the number of patients with a baseline serum HIV-1 RNA > 5 log10 copies/ml 
(RTV/SQV:57%, RTV/SQV/d4T:0%, p=0.002) (Table 1). Baseline CSF HIV-1 RNA 
levels did not correlate with CSF protein or white cell count (data not shown). 

HIV-1 RNA Levels in Serum and CSF 

All patients had a detectable serum HIV-1 RNA level at baseline (median 4.81 
log10 copies/ml, range 3.20-5.95). The median CSF HIV-1 RNA level at baseline 
was 3.22 log10 copies/ml (range <2.32-4.86) (Table 1). Seven patients, including 
5 patients who had never used any antiretroviral drug before start of the study, 
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Table 1 
Baseline characteristics ot individuals randomized to receive treatment with RTV/SQV or 
RTV/SQV/d4T 

RTV/SQV RTV/SQV/Ó4T p-value* 

n 14 13 
male(%) 12(86) 12(92) 1.00 
median age in years (range) 44 (25-54) 36 (31-70) .42 
pre-treated before start study (%) 4 (29) 4 (31) 1.00 
CD4 cell count /uJ, median (range) 245 (10-500) 100 (10-870) .63 
serum HIV-1 RNA logio copies/ml, median (range) 4.98(4.23-5.95) 4.64(3.88-4.95) .30 
CSFHIV-1 RNA logio copies/ml, median (range) 3.42 (<2.32-4.38) 2.94 (<2.35-4.86) .75 

* p-value for difference between the two study arms, using the two-tailed Fisher's exact test for 
categorical variables and the Wilcoxon's signed rank sum test for continuous variables. 
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Figure 1 - Box and whisker plots of HIV-1 RNA 
Box and Whisker plot for serum (a) and CSF (b) HIV-1 RNA before start of the study and after 12 
weeks of treatment. The solid line across the box indicates the median, values in the box are 
values within the second and third quartiles; minimal and maximal values are connected by the 
whiskers. 
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had a CSF HIV-1 RNA level < LLQ at baseline (RTV/SQV: 3 pts, RTV/SQV/d4T: 
4 pts). Baseline serum and CSF HIV-1 RNA levels did not correlate (r2=0.05, 
p=0.24). The median serum HIV-1 RNA change after 12 weeks of treatment 
was -2.11 and -2.24 log copies/ml for the RTV/SQV and RTV/SQV/d4T group, 
respectively (p=0.42) (Figure la). After 12 weeks, 7/14 patients in the RTV/SQV 
group and 9/13 patients in the RTV/SQV/d4T group had a serum HIV-1 RNA 
level < LLQ (p=0.44). 

The median CSF HIV-1 RNA change over time was +0.15 log copies/ml in 
the RTV/SQV group, compared to -0.46 log10 copies/ml in the RTV/SQV/d4T group 
(p=0.03) (Figure lb). A significantly different proportion of patients with CSF 
HIV-1 RNA level < LLQ was found after 12 weeks of treatment: 4/14 patients in 
the RTV/SQV group and 12/13 patients in the RTV/SQV/d4T group (p=0.001). 
Baseline serum and CSF HIV-1 RNA concentrations were not significantly dif
ferent in patients on RTV/SQV alone who had a CSF HIV-1 RNA < LLQ at week 
12, when compared to patients on the same t reatment regimen with CSF HIV-1 
RNA > LLQ at week 12 (p=0.29). All patients with CSF HIV-1 RNA < LLQ at 
baseline remained < LLQ in CSF throughout 12 weeks, regardless of their treat
ment regimen. 

In 23 patients, week 0 and 12 CSF and serum samples were available for 
re tes ts using the ultrasensitive HIV-1 RNA assay. One patient had a CSF HIV-1 
RNA < LLQ in the ultrasensitive assay at baseline. The median HIV-1 RNA 
change in serum was -2.4 log]0 copies/ml in the RTV/SQV group and -2.7 log 
copies/ml in the RTV/SQV/d4T group (p=0.58). The number of patients that 
reached a serum HIV-1 RNA <50 copies/ml after 12 weeks of treatment was 3/12 
in the RTV/SQV arm versus 5/11 in the RTV/SQV/d4T arm (p=0.40). The median 
HIV-1 RNA change in the CSF was -0.2 log10 copies/ml in the RTV/SQV arm 
versus -1.5 log10 copies/ml in the RTV/SQV/d4T arm (p=0.006). In the CSF only 
1/12 pat ients in the RTV/SQV arm reached HIV-1 RNA <50 copies/ml at week 
12, versus 7/11 in the RTV/SQV/d4T arm (p=0.009). 

Predictors of a CSF HIV-1 RNA concentration > LLQ at Week 12 

Pat ients were not stratified before randomization for their participation in this 
sub study. Therefore, differences in baseline characteristics could influence the 
study outcome 'CSF HIV-1 RNA > LLQ at week 12'. Treatment arm, baseline 
CSF and serum HIV-1 RNA, and pre-treatment with NRTIs were considered 
possible factors. In a multivariate analysis only treatment with RTV/SQV was 
an independent predictor of CSF HIV-1 RNA > LLQ at week 12 (odds ratio 30, 
95% CI: 2.8-313; p=0.005) (Table 2). 

Drug Concentrations in Serum and CSF 

In 22 pat ients both serum and CSF concentrations of RTV and SQV were meas
ured a t week 12. The median RTV concentration in serum was 5807 ng/ml 
(range: 1100-17210 ng/ml). In 19/22 samples concentrations were above the 
minimal recommended threshold (MRT) of 2100 ng/ml for RTV.10 The median 
serum SQV concentration was 886 ng/ml (range: 95-3368 ng/ml), all above the 
MRT of 50 ng/ml.» 
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Table 2 
Predictors of a CSF HiV-1 RNA concentration > LLQ at w e e k 12, using logistic regression 
analysis 

univariate 
analysis, 
p-value 

multivariate 
analysis, 
p-value 

odds ratio 
(95% CI) 

t r e a t m e n t a r m RTV/SQV 
basel ine serum logioHIV-1 RNA 
basel ine CSF logio HIV-1 RNA 
p re - t r ea tmen t w i t h NRTIs b e f o r e start study 

0.005 
0.141 
0.210 
0.824 

0.005 30(2.8-313) 

Possible predictors of a CSF HIV-1 RNA level : 
model. The best fitted multivariate model on 
LLQ = lower limit of quantification 

• LLQ at 
y conta 

week 12 were tested in a univariate logistic regression 
ned treatment arm RTV/SQV. 

Table 3 
Long term (48 week) follow up 

RTV/SQV for 48 weeks 
RTV/SQV + d4T/3TC after week 18 
RTV/SQV/d4T 

n of patients with CSF HIV-1 RNA <LLQ 
1 total n of patients observed 

week 0 week 12 week 48 

1/4 1/4 2/4 
0/3 0/3 3/3 
2/5 4/5 4/5 

Table shows the result of the twelve patients who underwent lumbar punctures at week 0, 12 and 48. 
n = number 
LLQ = lower limit of quantification 

The RTV concentrations in the CSF were <25 ng/ml in 19/22 patients (range 
<25-57 ng/ml). The SQV concentrations in the CSF were <2.5 ng/ml in 20/22 
patients (range <2.5-14.7). The median d4T concentration of 8 patients on RTV/ 
SQV/d4T was 488 ng/ml (range: 72-969) and 213 ng/ml (range: 81-367) in serum 
and CSF respectively. 

Week 48 Results 

In 12 patients, a third lumbar puncture was performed 48 weeks after initiation 
of treatment. Patients, who started with a CSF HIV-1 RNA < LLQ at baseline, 
remained < LLQ throughout 48 weeks (n=3). In 3 patients, who had intensified 
treatment with RTV/SQV with d4T and lamivudine (3TC) between week 18 and 
24, as prescribed in the protocol, CSF HIV-1 RNA levels became < LLQ by week 
48. Two out of three patients, who continued RTV/SQV treatment, had a CSF 
HIV-1 RNA > LLQ through 48 weeks (Table 3). 

DISCUSSION 

This is the first study comparing treatment with Pis only versus t reatment with 
Pis plus a NRTI in their effect on CSF HIV-1 RNA. Patients with a CSF HIV-1 
RNA < LLQ at baseline remained < LLQ after 12 weeks of t reatment with RTV 
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and SQV alone. However, RTV/SQV alone was unable to suppress detectable 
baseline CSF HIV-1 RNA to ur detectable levels in all but one patient in the 
same time period. 

Several explanations may be given for this finding. First, differences in base
line characteristics between the two study groups, like baseline serum and CSF 
HIV-1 RNA and pre-treatment status could influence the outcome. None of these 
parameters was a significant independent predictor of a detectable CSF HIV-1 
RNA > LLQ after 12 weeks. Second, a lower adherence to the double PI regi
men might explain the differences found. However, self-reported adherence to 
both t reatment regimens was not significantly different.12 Third, the CNS may 
harbor HIV strains with resistance patterns that differ from those isolated from 
the blood which leads to discordant HIV-1 RNA responses in CSF and blood. 
Evidence for independent development of NRTI resistance patterns in the CSF 
has been found in 30% of tested strains.13 Although very little is known about 
development of PI resistance in other compartments than blood, the selective 
pressure of the extremely low RTV and SQV concentrations in the CSF are prob
ably insufficient to induce PI resistance within 12 weeks of t reatment in this 
compartment. The t rea tment arm was the only significant independent predic
tor of CSF HIV-1 RNA response: treatment with RTV/SQV alone increased the 
risk of a detectable CSF HIV-1 RNA at week 12 by 30-fold (95% CI 2.89-313). 
This was highly significant (p=0.005), despite the small sample size. Therefore, 
we hypothesize that insufficient viral suppression in the CSF in the RTV/SQV 
group is caused by the low exposure to RTV and SQV in the CSF. Inhibition of 
the entry of Pis into the CNS by the membrane transporter P-glycoprotein at 
the level of the blood brain barrier can attribute to the low CSF drug levels." 
D4T penetrates into the CSF much better than both RTV and SQV. D4T can, at 
least in combination with 3TC, reduce CSF HIV-1 RNA to undetectable levels15, 
and may be responsible for the superior suppression of HIV-1 RNA in the CSF 
observed in the d4T-containing regimen. 

Our data contradict the findings of Cameron et al, who reported that CSF HIV-1 
RNA was < LLQ in the s tandard Roche Amplicor assay in 14/15 (93%) PI naive 
patients, who had used SQV/RTV for a median of 60 weeks.;i Longer duration of 
t rea tment in their study could be an explanation for the different findings. Even 
with a 4-drug regimen it can take more than 2 months before CSF HIV-1 RNA 
declines to undetectable levels.16 Moreover, in one of our patients on RTV/SQV 
alone, CSF HIV-1 RNA became undetectable by week 48. A higher proportion of 
patients with CSF HIV-1 RNA < LLQ a t baseline could be another explanation 
for the different results in their study, as baseline CSF HIV-1 RNA concentra
tions were not obtained. 

Ongoing, low level viral replication, which could not be detected with the 
s tandard Amplicor assay, is associated with early viral rebound.17 Therefore 
we re-tested samples, which were <LLQ in the standard Roche Amplicor assay, 
using the Roche Ultrasensitive HIV-1 RNA assay. Analyses including these 
results confirmed the results of the standard Amplicor assay. 
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CSF HIV-1 RNA is frequently used as a surrogate marker of CNS infection, 
because it is relatively easy to obtain, and can be followed long-term. However, 
the relationship between CNS infection and CSF HIV-1 RNA is not totally clari
fied. CSF may also function as a sanctuary site for HIV-1 RNA, where from 
HIV-1 RNA may return in the blood.18 Therefore, the goal of antiretroviral treat
ment should be the suppression of viral replication in all compartments. 

Staprans et al. suggested that CSF-penetrating drugs may not be necessary 
for adequate suppression of CSF HIV-1 RNA in early infection.19 This hypoth
esis could explain the observation of a rapid decline of CSF HIV-1 RNA in one 
patient on RTV/SQV alone who had undetectable CSF drug levels. We observed 
that CSF HIV-1 RNA remained < LLQ throughout the study in all patients with 
a CSF HIV-1 RNA < LLQ at baseline, regardless the treatment regimen. How
ever, we don't know the exact length of HIV infection in our patients and we 
found no correlation between baseline CD4+ lymphocyte counts and baseline 
CSF HIV-1 RNA or CSF HIV-1 RNA response. Once baseline CSF HIV-1 RNA 
was detectable, at least one CSF penetrating drug was necessary to suppress 
detectable CSF HIV-1 RNA. 

We advise against the use of RTV/SQV alone as a first line antiretroviral ther
apy. However, in some cases (e.g. patients with adherence problems to more 
complex regimes or intolerance to all relevant NRTIs) RTV/SQV can be an alter
native, provided that the patient is willing to undergo lumbar punctures, to 
check for low CSF HIV-1 RNA levels. 
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Abstract 

C'SF levels of fi2-microglobulin (b2m), monocyte chemotactic protein-1 (MCP-1), 
soluble tumor necrosis factor a receptors (sTNFRs), and HIV-1 RNA were deter
mined in 16 neurologically asymptomatic HIV-1 infected patients before and 12 
weeks after treatment with lamivudine plus zidovudine or stavudine. B2m levels 
were significantly higher inpatients (1.7 mg/l) compared with controls (0.8mg/l) 
(p<0.001), and decreased to 1.1 mg/l during treatment (p-0.001). MCP-1 levels 
were low, and did not change during treatment. Levels of sTNFR type I were 
elevated in patients (0.92 ng/ml) compared to controls (0.30 ng/ml) (p-0.03), 
but did not change during treatment. Levels of sTNFR type II were below the 
limit of detection in most patients and controls. In conclusion, CSF levels of b2m 
and HIV-1 RNA, but not sTNFRs or MCP-1, are candidate surrogate markers of 
treatment efficacy in early CNS infection. 
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INTRODUCTION 

It is important to study treatment efficacy in the central nervous system (CNS) 
by means of surrogate markers during the asymptomatic stages of HIV-1 infec
tion. First of all, HIV-1 has been found present in the brains of HIV-1 infected 
individuals at early stages of the infection.1 Secondly, the CNS is an important 
sanctuary site for the virus.2 Thirdly, in a minority of advanced-stage patients, 
HIV-1 replication within the CNS leads to AIDS dementia.3 This is a devastat
ing neurological complication, which leads to cognitive, behavioural and motor 
decline over weeks or months.4 In a retrospective clinical study it was demon
strated tha t prevention of AIDS dementia is feasible by starting zidovudine.5 

Antiretroviral drugs differ in their potential to penetrate the blood-brain barrier, 
and therefore, it is important to compare drug regimens regarding CNS efficacy, 
preferably in neurologically asymptomatic individuals.6 

In a previous study, we measured changes in cerebrospinal fluid (CSF) HIV-1 
RNA after the initiation of a double nucleoside drug regimen.7 All patients from 
that study were neurologically asymptomatic, but nevertheless had detectable 
CSF HIV-1 RNA before treatment; CSF HIV-1 RNA decreased to < 50 copies/ml 
12 weeks after the start of treatment. We subsequently measured changes during 
treatment in CSF levels of (3-2 microglobulin (b2m), monocyte-chemotactic pro
tein-1 (MCP-1), and soluble tumour necrosis factor a receptors type I and type 
II (sTNFRs). The role of detectable levels of CSF HIV-1 RNA in patients with
out AIDS dementia is not fully elucidated. It is likely that the level of CSF 
HIV-1 RNA reflects the amount of HIV-1 replication within brain parenchyma.8 

It has been suggested that a concomitant drop in CSF b2m concentration would 
strengthen our preliminary conclusions that a decreasing concentration of CSF 
HIV-1 RNA is indicative of CNS efficacy of an antiretroviral drug regimen.9 

We evaluated the effect of t reatment on CSF concentrations of MCP-1, because 
MCP-1 is a chemokine that probably plays a role in the pathogenesis of HIV-1 
infection of the CNS.10 CSF levels of sTNFR type II were evaluated because these 
have been found in increased concentrations in patients with AIDS dementia, 
and because monitoring plasma levels of sTNFR type II has proved its efficacy 
in evaluating plasma response to treatment.5,1113 

METHODS 

Patients 

We studied CSF and plasma samples from 16 antiretroviral naive patients from 
an open, randomised, controlled trial comparing the efficacy of two double-nu-
cleoside drug regimens (zidovudine 200 mg three times daily plus lamivudine 
150 mg twice daily or stavudine 40 mg twice daily plus lamivudine 150 mg twice 
daily). Further inclusion criteria were: a CD4 cell count of > 200/ul, and plasma 
HIV-1 RNA concentration of > 4 log10 copies/ml.7 An important exclusion crite
rion was current AIDS-defining opportunistic disease. Neurological assessment 
was performed by taking a neurological history and a neurological examination 
including a rapid screening test for AIDS dementia complex by one of the inves-
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t igators (PP).1 ' Diagnostic lumbar punctures were taken before therapy at base
line and after 12 weeks of treatment. 

A total of 22 patients underwent two subsequent lumbar punctures. For this 
study, 16 patients were selected on the basis of availability of remaining plasma 
and CSF. Control CSF and plasma samples were available from 16 HIV-1 sero
negative patients with a median age of 46 years (range: 26-67 years) evaluated 
for neurological symptoms who were found to have normal CSF cell counts, and 
nei ther systemic nor neurological infectious disease. 

Assays 

B2m concentration was measured by microparticle capture enzyme immunoassay 
(MEIA) (Abbott IMx analyser).15 Normal values were < 2.4 mg/1 for plasma, 
and < 2.2 mg/1 in CSF.16 MCP-1 was measured by a quantitative sandwich 
enzyme-linked immunosorbent assay (ELISA) using purified monoclonal mouse 
ant i -human MCP-1 as coating body, biotinylated rabbit ant ihuman MCP-1 as 
detecting antibody, and recombinant human MCP-1 as standard (Pharmingen, 
San Diego, CA). CSF was diluted at a ratio of 1:2 to ensure a concentration 
tha t was in the linear range. The lower limit of detection for the MCP-1 assay 
is 8 pg/ml. sTNFR-type I and sTNFR- type II were measured with enzyme-
linked immunological binding assays (ELIBA) (Hoffmann LaRoche, Basel, Swit
zerland), as described before. The detection limit of this assay is 0.30 ng/ml.17 

CSF and plasma HIV-1 RNA was measured using a commercial ultrasen
sitive PCR-based assay with a lower limit of detection that varies between 
14-50 copies/ml. (Amplicor HIV-1 Monitor Test (Ultrasensitive Protocol Adapta
tion), Roche Diagnostic Systems, Branchburg, NJ, USA) as published before.71819 

Measurements of HIV-1 RNA in CSF were validated by reconstruction experi
ments. CSF was analysed for cell count, glucose, and total protein. Samples were 
stored at -70°C until assessment. 

Statistical analysis 

Results are reported as medians (and ranges) for all variables. Differences 
between baseline and week 12 were tested with Wilcoxon's matched pair's signed 
rank test for non-parametric variables. Differences between patients and con
trols were tested with Mann-Whitney U-test. Correlations between HIV-1 RNA 
(plasma or CSF), or cell count (CSF) and b2m, MCP-1, or sTNFRs (plasma or 
CSF) were tested with Spearman's rank correlation test. If values were less than 
the lower limit of detection, we used the cut-off point as the individual's value in 
all analyses. P < 0.05 was considered significant. 

RESULTS 

The baseline characteristics are given in Table 1. All 16 patients had a normal 
neurological assessment at baseline. However, all patients had a detectable 
HIV-1 RNA CSF concentration (4.22 (2.40-5.21) log10 copies/ml) before the start 
of t reatment . CSF levels were not significantly correlated with plasma levels. 
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Table 1 
Baseline characteristics ot 16 patients with a lumbar puncture at baseline and week 12 in 
whom plasma and CSF was analysed for |32 microglobulin, monocyte chemotactic protein-1 
and soluble tumor necrosis factor a receptors I and II. Median values and range are given. 

Number of patients 
Age (years) 
AIDS dementia score* 
Number with normal neurological assessment 
plasma HIV-1 RNA (logio copies/ml) 
CSF HIV-1 RNA (logio copies/ml) 
plasma CD4 cell count/jaL 
CSF total cells/jil 
CSF total protein (g/l) 

16 
35 (27-64) 
15.5(10-16) 
16 
4.69 (4.03-5.64) 
4.22(2.40-5.21) 
310(120-670) 
18(4-65) 
0.42(0.12-0.73) 

# : Assessment of AIDS dementia by using a rapid screening test as described by Power et a/. 

(r=0.17, p=0.53) After 12 weeks of treatment, CSF concentrations decreased 
significantly to 19 (14-50) copies/ml (-99.9%). (pO.001) In only two patients, 
CSF concentrations remained above the lower limit of detection in the ultrasen
sitive assay (45 and 50 copies/ml respectively). Plasma HIV-1 RNA decreased 
significantly from 4.69 (4.03-5.64) to 3.09 (2.09-4.13) log10 copies/ml (-97.5%). 
(p<0.001).7 The median CSF cell count decreased significantly after t reatment 
from 18 (4-65) cells/ul to 4 (1-9) cells/ul (p=0.003). The median total CSF pro
tein was within the normal range and did not change significantly during treat
ment. 

CSF and plasma levels of b2m are represented in Figure 1 and Table 2. CSF 
levels decreased significantly from 1.7 (0.8-3.7) mg/1 before the start of t reatment 
to 1.1 (0.6-2.5) mg/1 (-35%) after 12 weeks of treatment (p=0.001). Furthermore, 
CSF b2m levels were significantly higher in patients before the start of treat
ment compared with HIV-1 seronegative controls (pO.001). Four patients had 
baseline CSF b2m levels that exceeded plasma levels. Baseline plasma levels 
of b2m were also significantly higher compared with controls (p<0.001), and 
decreased significantly from 2.4 (1.4-3.4) mg/1 to 1.9 (1.5-2.9) mg/1 (-21%) after 
t reatment (p=0.003). CSF b2m levels were correlated significantly with plasma 
levels at study entry (r=0.51, p=0.04), but not in controls or after 12 weeks of 
treatment. There was a trend towards correlation between CSF b2m levels and 
CSF HIV-1 RNA (r=0.47, p=0.06), and between CSF b2m and CSF cell count 
(r=0.46, p=0.07). Plasma b2m levels were not correlated with HIV-1 RNA levels, 
(data not shown) 

CSF and plasma concentrations of MCP-1 are represented in Table 2. Median 
CSF levels of MCP-1 in patients were not significantly different from controls 
(p=0.72), and did not change significantly during treatment. Plasma levels of 
MCP-1, however, were significantly lower in patients compared with controls 
(p<0.001), and an unexpected increase from 309 (225-525) pg/ml to 446 (20-1512) 
pg/ml was seen after treatment. (p=0.03) CSF levels of MCP-1 were not signifi
cantly correlated with plasma levels (p=0.09), nor with CSF mononuclear cell 
count (p=0.48). MCP-1 levels in CSF nor plasma were correlated with HIV-1 
RNA levels in the same compartment (data not shown). 
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Figure 1 
CSF and plasma B2 microglobulin in 16 HIV-1 infected individuals at baseline and after 12 weeks 
of therapy with lamivudine with either stavudine or zidovudine, compared with a single sample 
of HIV seronegative controls. 

Table 2 
Cerebrospinal and plasma concentrations of p-2 microglobulin (b2m), monocyte chemo-
tactic protein-1 (MCP-1), and soluble tumour necrosis factor a receptors (sTNFR), sTNFR I and 
sTNFR II, in HIV-1 infected patients before and after the initiation of a double nucleoside 
regimen and in HIV-1 seronegative controls 

median and range 

treatment group 

CSF 
controls 
before treatment 
12 weeks after treatment 

plasma 
controls 
before treatment 
12 weeks after treatment 

b2m 
mg/l 

0.8(0.5-1.8) 
1.7 (0.8-3.7)* 
1.1 (0.6-2.5)" 

1.3 (0.8-2.2) 
2.4 (1.4-3.4)* 
1.9 (1.5-2.9JA 

MCP-) 
pg/ml 

680(461-2456) 
722(361-1259) 
602(334-1202) 

527(241-945) 
309 (225-525)* 
446 (200-1512)* 

sTNFR 1 
ng/ml 

0.30(0.30-1.67) 
0.92 (0.44-1.86)1 

0.81 (0.30-2.17) 

1.89(0.86-3.11) 
1.56 (1.21-2.65) 
1.81 (0.88-3.50) 

STNFR II 
ng/ml 

0.30(0.30-2.10) 
0.30(0.30-2.17) 
0.30(0.30-1.39) 

2.03(1.15-3.52) 
4.24(3.18-7.21)* 
3.12 (0.39-4.42)" 

* pO.001 compared with HIV-1 seronegative controls 
! p=0.03 compared with HIV-1 seronegative controls 
# p=0.001 compared with values before treatment 
A p=0.003 compared with values before treatment 
$ p=0.03 compared with values before treatment 

CSF and plasma levels of sTNFR type I and II are represented in Table 2. 
Median CSF levels of sTNFR type I in patients before treatment were elevated 
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compared to controls (p=0.03), and sTNFR type I was detectable in all samples, 
but these levels did not change after treatment. Plasma levels of sTNFR type I 
before t reatment were not significantly different from controls. (p=0.67) sTNFR 
type II was below the limit of detection in most patients (baseline: 9/16 (56%), 
after treatment: 11/15 (73%)) and controls (12/16 (75%)). In contrast, plasma 
levels of sTNFR type II at baseline were significantly more elevated compared 
with HIV-1 seronegative controls (p<0.001), and declined significantly from 4.24 
(3.18-7.21) ng/ml to 3.12 (0.39-4.42) ng/ml (-26%) (p=0.001) after treatment. Fur
thermore, plasma levels of sTNFR type II correlated significantly with plasma 
HIV-1 RNA levels at baseline (r=0.63, p=0.009). 

DISCUSSION 

In our study in neurologically asymptomatic HIV-1 infected individuals, CSF 
b2m levels were significantly elevated compared to controls, and declined sig
nificantly during a double nucleoside analogue regimen. In a prospective study 
in neurologically asymptomatic patients, patients with elevated CSF concentra
tions of b2m carried a much higher risk of eventually developing AIDS demen
tia.20 We now demonstrated that t reatment for 12 weeks with either lamivudine 
plus zidovudine or lamivudine plus stavudine is effective in decreasing CSF 
concentrations of both HIV-1 RNA and b2m. It has been shown that CSF b2m 
concentration decreases during zidovudine treatment in neurologically asympto
matic patients.16'21 Zidovudine is the only drug to date tha t has proved its clini
cal efficacy in both treatment and prevention of AIDS dementia.5,22 It therefore 
seems likely that both drug regimens, including the lamivudine/stavudine com
bination suppress HIV-1 related CNS disease. 

Even though CSF concentrations of b2m were increased in our patients, these 
concentrations were not elevated to the level that was found to be indicative of a 
higher risk of ADC (> 5 mg/1). The patients in our study had less advanced HIV-1 
infection, as they had CD4 counts > 200/ul, compared to < 200/ul in the study 
of Brew et al.20 It is known from longitudinal studies that during the course of 
HIV-1 infection CSF b2m concentration increases gradually.23 Plasma levels of 
b2m decreased concomitantly. Notably, plasma and CSF levels of b2m were sig
nificantly correlated, although HIV-1 RNA concentrations in plasma and CSF 
were not. Others have also found a strong correlation between plasma and CSF 
b2m in neurologically asymptomatic patients, whereas in demented patients 
CSF b2m was elevated independently of plasma levels.24 Since several of our 
patients had CSF levels of b2m surpassing plasma levels, CSF response does not 
simply reflect plasma response to antiretroviral treatment. 

We additionally evaluated CSF levels of MCP-1 and sTNFRs, which are thought 
to be useful in monitoring treatment efficacy in early HIV-1 infection of the 
CNS. 

Several rationales exist for measuring CSF levels of MCP-1 to evaluate HIV-1 
infection of the CNS, including the following: astrocyte-derived MCP-1 is the most 
important chemoattractant for monocytes across the blood-brain barrier, mono-
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cytes play an important role in the pathogenesis of AIDS dementia, and MCP-1 
production in human astrocytes is increased by the HIV-1 protein TAT.10,2527 

Furthermore, CSF levels of MCP-1 are elevated (mean 5 ng/ml) in AIDS demen
tia complex.10-25-28 In addition, CSF levels of MCP-1 correlate both with CSF 
HIV-1 RNA concentrations and the severity of neuropathological abnormalities 
in demented patients.10-28 Finally, a trend has been found for MCP-1 to increase 
in individuals who eventually developed dementia.28 

Baseline CSF MCP-1 levels in our neurologically asymptomatic patients were 
not significantly different from controls, no decline was seen after the initiation 
of t reatment, and no significant correlation was found with CSF HIV-1 RNA, 
or CSF mononuclear cell count. Preliminary findings in neurological sympto
matic children who started treatment with lamivudine, zidovudine (+/- abacavir), 
also suggested that despite a significant decline in CSF HIV-1 RNA, MCP-1 
levels did not change significantly.29 In contrast with an earlier report, we found 
tha t plasma levels of MCP-1 were lower in patients compared to controls, and 
increased significantly during treatment, concurrently with a declining plasma 
HIV-1 RNA.30 

From previous studies, it is known that monitoring the sTNFR type II levels in 
plasma increases the prognostic utility of HIV-1 RNA determination in early-
stage HIV-1 infected patients.11 Furthermore, the plasma level of sTNFR type 
II has been proven a useful surrogate marker for monitoring treatment efficacy 
of antiretroviral therapy in HIV-1 infection.1213 In previous studies, CSF levels 
of sTNFR type II have been found elevated in patients with AIDS dementia11-32, 
and increased expression of cell bound TNFR type I and II was seen in macro
phages and microglial cells in the brains of patients with AIDS.33 To our know
ledge, no data are available on the effect of antiretroviral t reatment on CSF 
levels of sTNFR type II. 

CSF levels of sTNFR type II at baseline were not detectable in most patients 
(56%), nor in controls (75%), and remained low or undetectable during treat
ment. Plasma levels of sTNFR type II, as expected, were elevated in our patients 
compared to controls, and declined concomitantly with plasma HIV-1 RNA load 
during antiretroviral t reatment . We, like others, found a significant correlation 
between plasma HIV-1 RNA and sTNFR type II at baseline.31 Although CSF 
levels of sTNFR type I were elevated compared to controls, levels did not change 
significantly during treatment, nor did plasma levels. 

Monitoring the CSF HIV-1 RNA load during therapy is increasingly used to 
determine the efficacy of antiretroviral drug regimens for CNS treatment in neu
rologically asymptomatic patients.T16-3r' Monitoring CSF levels of b2m has been 
used for several years to evaluate treatment efficacy in neurologically asymp
tomatic patients.16-21 Our study supports the potential usefulness of measuring 
CSF concentrations of both b2m and HIV-1 RNA to prospectively evaluate treat
ment efficacy within the CNS in early-stage HIV-1 infected individuals. Two 
other potential markers of CNS disease, MCP-1 and sTNFR type II, are not 
adequate as surrogate markers for evaluating the efficacy of antiretroviral drugs 
in early CNS disease. 
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Abstract 

In six patients with primary HIV-1 infection cerebrospinal fluid (CSF) and 
plasma HIV-1 RNA, and (32 microglobulin (b2m) concentrations were monitored 
during a quintuple or sextuple antiretrouiral drug regimen. Four patients had 
neurological symptoms during primary HIV-1 infection. At baseline, CSF HIV-1 
RNA was detectable in five patients and varied widely (median: 3,68 (range: < 
2,60-5,67) logw copies /ml). A CSF inflammatory response was present in some: 
leukocytes were increased in four, and b2m was increased in three patients. 
Following 8 weeks of treatment, median CSF HIV-1 RNA concentrations had 
decreased to <2,60 (<1,60-3,00) logw copies/ml (p=0.04), and median plasma 
HIV-1 RNA levels had decreased from 5,46 (4,40-5,97) to 3,07 (2,57-3,79) logl0 

copies/ml (p-0.03). Median CSF b2m concentrations had decreased from 2,5 
(0,9-5,5; normal value <2,2) to 1,2 (0,9-1,7) mg/l (p-0.06), and median plasma 
b2m levels had decreased from 2,6 (1,4-3,1; normal value <2,4) to 1,7 (1,1-2,2) 
mg/l (p=0.03). After 48 weeks, one patient still had 1,97 log10 copies/ml HIV-1 
RNA in CSF and 1,51 logw copies /ml in plasma, although CSF and plasma b2m 
concentration had normalized after 8 weeks. 
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INTRODUCTION 

Primary HIV-1 infection is frequently associated with a transient 'flu-like' ill
ness, that is often undiagnosed or misdiagnosed.1,2 Neurological manifestations 
may occur ranging from a mild viral meningitis to an encephalitis.35 HIV-1 and 
HIV-1 p24 antigen have been detected in the cerebrospinal fluid (CSF) from such 
patients.56 Very few longitudinal CSF data are available on antiretroviral treat
ment initiated at the time of primary HIV-1 infection.7-8 Since the CSF provides a 
window on what is happening in the brain parenchyma, we longitudinally meas
ured CSF and plasma HIV-1 RNA and (3-2 microglobulin (b2m) in six patients 
who started with a quintuple or sextuple antiretroviral drug regimen around 
this time.9 

PATIENTS AND METHODS 

Since November 1997, six patients with primary HIV-1 infection have been 
enrolled in an open label trial, evaluating the efficacy of a quintuple-drug regi
men: zidovudine (AZT) 300 mg bid (or stavudine (d4T) 40 mg bid), lamivudine 
(3TC) 150 mg bid, abacavir 300 mg bid, indinavir 1000 mg tid, and nevirapine 
400 mg once a day.10 During the study this drug regimen was adapted: indinavir 
1000 mg tid was replaced by indinavir 800 mg tid plus ritonavir 100 mg bid. Four 
patients started with the quintuple drug regimen, and later changed to the sex
tuple drug regimen. Two patients received the sextuple drug regimen from the 
start. All patients were asked to participate in a neurological sub-study to assess 
HIV-1 RNA levels and drug concentrations in the CSF. Lumbar punctures were 
planned at baseline, and 8, 24, 48, and 96 weeks after the initiation of therapy. 
The study was approved by the local medical ethical committee. All patients 
gave written informed consent. 

Sera were screened for the presence of antibodies to HIV-1 with commercial 
enzyme immunoassay (EIA) and confirmed by Western blot according to the 
manufacturers' instructions (Abbott Laboratories, North Chicago, IL, USA). CSF 
and plasma HIV-1 RNA were measured using the NucliSens HIV-1 QT assay 
(Organon Teknika, Boxtel, The Netherlands). Standard measurements were per
formed on 200 |il plasma or CSF, resulting in a lower limit of quantification 
of 400 copies/ml. When HIV-1 RNA levels decreased to below 400 copies/ml, 
and sufficient sample was available, an initial input volume of 2 ml was used, 
resulting in a lower limit of quantification of 40 copies/ml, and, in plasma, an 
ultrasensitive protocol adaptation was performed, resulting in a lower limit of 
quantification of 5 copies/ml.10 B2m concentration was measured by micropar-
ticle capture enzyme immunoassay (MEIA) (Abbott IMx analyser).11 Normal 
values are < 2.4 mg/1 in plasma, and < 2.2 mg/1 in CSF. CSF was analysed for cell 
count, glucose, and total protein. Samples were stored at -70°C until assessment. 
CSF and plasma samples were available from 16 HIV-1 seronegative controls.12 

Results are reported as medians and ranges for all variables. Differences 
were tested with Wilcoxon's matched pair's signed rank test, and Mann-Whitney 
U-test, as appropriate. Correlations were tested with Spearman's rank correla-
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tion test. If values were below the lower limit of detection, the cut-off point was 
used as the individual's value in all analyses. P < 0.05 was considered signifi
cant. 

RESULTS 

Five patients (16, 18, 20, 21, 23) experienced an acute illness consistent with 
primary HIV-1 infection and had peak plasma HIV-1 RNA concentrations > 5 
log10 copies/ml; four of them (16, 18, 21, 23) had indeterminate Western blots 
during their first visit evolving towards positive Western blots during follow up, 
and one of them (20) had a peak plasma HIV-1 RNA concentration of 6,4 log10 

copies/ml and a four-fold increasing HIV-1 antibody-level following the acute ill
ness. One patient (24) had a negative HIV-1 antibody screening 6 months before 
study entry, and was found HIV-1 antibody seropositive 6 weeks before enroll
ment. The clinical details of two patients with primary HIV-1 infection and 
severe neurological symptoms are described below. Two patients had mild neu
rological symptoms consisting of headache and fever, and two patients had no 
neurological symptoms (Table 1). Five patients had detectable CSF HIV-1 RNA 
concentration (median: 3,68 (range: <2,60-5,67) log10 copies/ml) at baseline: the 
two patients without neurological symptoms had either low (2,79 log](J copies/ml) 
or undetectable CSF HIV-1 RNA. CSF leukocytes, nor CSF protein correlated 
with CSF HIV-1 RNA (data not shown) (Table 2). Concomitant plasma levels of 
HIV-1 RNA were 5,46 (4,40-5,97) log10 copies/ml. CSF HIV-1 RNA levels were not 
significantly correlated with plasma HIV-1 RNA levels (r=0.77, p=0.07). After 
8 weeks of t reatment, CSF concentrations decreased significantly to a median 
of <2,60 (<1,60-3,00) log]0 copies/ml) (p=0.04). In two patients data were avail
able for week 48. The patient who had highest baseline CSF HIV-1 RNA (5,67 
log1() copies/ml; plasma HIV-1 RNA: 5,48 log]0 copies/ml ) still had detectable 
CSF HIV-1 RNA (3,00 log10 copies/ml; plasma 3,52 log10 copies/ml) after 8 weeks, 
and after 48 weeks (1,97 log10 copies/ml; plasma 1,51 log10 copies/ml); plasma 
HIV-1 RNA has become < 0,70 log10 copies/ml from week 71 onwards, but CSF 
follow-up has not been planned until week 96. In the other patient CSF HIV-1 
was <1,60 log10 copies/ml at both weeks 8 and 48 (Tables 1 & 2). Plasma HIV-1 
RNA levels decreased significantly from 5,46 (4,40-5,97) to 3,07 (2,57-3,79) log]0 

copies/ml (p=0.03) after 8 weeks of treatment. 

The CSF inflammatory response was additionally evaluated during treat
ment. The median CSF leukocyte count decreased from 30 (4-203) to 4 (2-13) cells 
/ul (p=0.03), and the median CSF protein declined slightly from 0,58 (0,32-1,36) 
to 0,48 (0,22-0,68) g/1 (p=0.10) after 8 weeks of treatment. CSF b2m levels at 
baseline were significantly higher compared with HIV-1 seronegative controls 
(p=0.002), and were elevated in three patients (Table 2). Baseline CSF b2m 
levels were significantly correlated with CSF leukocytes (r=0.83, p=0.04), and 
with CSF protein (r=0.83, p=0.04). Baseline plasma b2m levels were higher 
than those in controls as well (p=0.002). Baseline CSF and plasma b2m levels 
were significantly correlated (r=0.78, p<0.001); four patients had CSF b2m levels 
exceeding plasma b2m levels. CSF levels of b2m decreased from 2,5 (0,9-5,5) to 
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Table 2 
Cerebrospinal and plasma concentrations of b2m and HIV-1 RNA before and after the start 
of a quintuple or sextuple drug regimen 

median and range 

b2m (mg/l) HIV-1 RNA log to copies/ml 

CSF 
controls 
before treatment 
8 weeks after treatment 
48 weeks after treatment (n=2) 

plasma 
controls 
before treatment 
8 weeks after treatment 
48 weeks after treatment (n=2) 

0.8(0.5-1.8) 
2.5 (0.9-5.5)* 
1.2 (0.9-1.7)** 
0.9 (0.8-0.9) 

1.3 (0.8-2.2) 
2.6 (1.4-3.1 )# 

1.7 (1.1-2.2)** 
1.1 (1.0-1.1) 

na 
3.68 (<2.60-5.67) 
2.60 (<1.60-3.00)' 
1.82 (< 1.60-1.97) 

na 
5.46 (4.40-5.97) 
3.07 (2.57-3.79)AA 

1.27 (< 0.70-1.51) 

* P=0.002 compared with HIV-1 seronegative controls 
** P=0.06 compared with values before treatment 
# P=0.002 compared with HIV-1 seronegative controls 
## P=0.03 compared with values before treatment 
A P=0.04 compared with values before treatment 
AA p=o.03 compared with values before treatment 
na: not applicable 

1,2 (0,9-1,7) mg/l (p=0.06) af ter 8 weeks of t r e a t m e n t . In two p a t i e n t s , d a t a w e r e 
a v a i l a b l e for week 48: in p a t i e n t 16 C S F (p l a sma) b 2 m decreased from 2,0 (1,7) 
a t b a s e l i n e to 1,2 (1,1) a t week 8 and to 0,8 (1,0) mg/l a t week 48, a n d in p a t i e n t 
18 C S F (p lasma) b 2 m w a s elevated a t b a s e l i n e (5,5 (3,1) mg/l), a n d dec reased 
to 1,4 (1,9) a n d to 0,9 (1,1) mg/l after 8, a n d 4 8 weeks respect ively. P l a s m a b 2 m 
leve ls d e c r e a s e d from 2,6 (1,4-3,1) to 1,7 (1,1-2,2) mg/l after 8 weeks (p=0.03). 

Patient 16 
A 41-year old homosexual male was admitted to the neurology ward with a 6-week 
history of fatigue and fever (temperature to 38°C). He complained of severe headache, 
lower back pain, paresthesias in the extremities, and irradiating pain in both legs. 
Neurological examination demonstrated hypalgesia of the right hand, the foot soles, 
and the left side of the trunk, and bilateral positive straight leg raising signs. CAT 
scan of the brain yielded no abnormalities. CSF examination revealed a pleocytosis of 
130 leukocytes/ul, total protein of 2.89 g/1, and a glucose level of 2.7 mmol/1. Bacterial 
and viral cultures, Ziehl Neelsen, and PCR for herpes viruses were negative. Labora
tory findings were unremarkable except for increased liver enzymes. He developed a 
peripheral facial palsy. He was diagnosed with meningoencephaloradiculitis due to 
primary HIV-1 infection. Antiretroviral t rea tment was started after normalization of 
liver enzymes, four weeks after hospitalization for neurological symptoms. Symptoms 
gradually resolved over the ensuing weeks, but fatigue persisted for several months. 

Patient 18 
A 39-year old homosexual male was admitted to the neurology ward with severe 
myalgia, neck pain, and fever (temperature up to 38.5"C), followed by hypalgesia and 
decreased strength of both arms. CAT scan, myelography and CSF findings were 
completely normal. He developed a headache, accompanied by nausea and vomiting, 
initially diagnosed as CSF hypotension. After strength and sensation had returned 
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to normal, he was dismissed. One week later, he was readmitted because of persist
ent severe vomiting, headache, and fever. Physical examination revealed a rash and 
palpable lymph nodes in the axillary and inguinal region. Meningeal irritation was 
absent. Temperature was 39"C. A differential white cell count revealed many atypical 
lymphocytes. Repeated CSF examination showed 59 leukocytes/ul (86% lymphocytes), 
increased protein (1.36 g/1), and normal glucose (2.6 mmol/1). He was diagnosed with 
viral meningitis due to primary HIV-1 infection. Antiretroviral treatment was started 
~ 4 weeks after the first neurological symptoms. The symptoms resolved over the next 
few weeks. 

DISCUSSION 

Neurological complications during primary HIV-1 infection may range from a 
mild viral meningitis to an encephalitis with a rapid onset of confusion and epi
leptic seizures.45 The incidence of symptoms consistent with viral meningitis 
during primary HIV-1 infection is 9 %.3 Neurological symptoms generally resolve 
over the course of several weeks.3 HIV-1 has been isolated from the CSF and 
from brain parenchyma during primary HIV-1 infection.513 

Measuring CSF HIV-1 RNA may reflect what is happening in the brain.14 HIV-1 
RNA is detectable in the CSF of most untreated asymptomatic HIV-1 infected 
individuals, and a small but significant increase in level is seen over several 
years.15 The CSF HIV-1 RNA concentration varies widely (range <2,30-5,10 logiq 

copies/ml), but is generally lower than the plasma HIV-1 RNA concentration.'5J6 

CSF HIV-1 RNA levels, however, may surpass plasma HIV-1 RNA levels.16 

CSF HIV-1 RNA concentration is correlated to CSF leukocyte count, but not to 
plasma HIV-1 concentration.16 High CSF HIV-1 RNA concentrations are often 
present in neurologically symptomatic patients (e.g. patients with HIV-1 demen
tia, and cryptococcal meningitis).17 A preliminary report on CSF HIV-1 RNA 
monitoring during combination antiretroviral t reatment started during primary 
HIV-1 infection in 4 patients demonstrated tha t CSF HIV-1 RNA had become 
undetectable after 8 weeks.7 In two patients for whom baseline data were una
vailable, CSF HIV-1 RNA was undetectable after 2 and 2,5 years, respectively, 
of triple nucleoside therapy administered from primary HIV-1 infection.8 

HIV-1 replication may mediate an inflammatory response in the CNS, reflected 
by increased CSF lymphocytes, IgG index, and markers of immune activation 
including b2m and neopterin.18 B2m is the most interesting of the two because 
neurologically asymptomatic patients with elevated CSF b2m concentrations 
carry a much higher risk of eventually developing AIDS dementia.19 Longitudi
nal data have shown that CSF b2m concentration slightly increases over time in 
untreated HIV-1 infected individuals.18 Elevated CSF b2m concentrations have 
been reported in three patients with primary HIV-1 infection.20 

We monitored the CSF HIV-1 RNA and b2m concentrations in six patients who 
initiated antiretroviral treatment within six weeks of first symptoms of primary 
HIV-1 infection or documented HIV-1 seroconversion. Because of its superiority 
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in antiviral effect over a triple drug regimen, the described quintuple drug regi
men was chosen in this open label study.10 Several data support the initiation of 
antiretroviral t rea tment during primary HIV-1 infection. Aggressive treatment 
s ta r ted at this time may facilitate the HIV-1-specific CD4+ T cell response, and 
may lead to a greater reduction in HIV-1 viraemia compared to individuals who 
s tar ted treatment during chronic infection.21'23 

CSF HIV-1 RNA was detectable (above 400 copies/ml) in five patients; CSF 
HIV-1 RNA surpassed plasma HIV-1 RNA in one patient who had severe neuro
logical symptoms prior to the start of treatment. The lowest CSF HIV-1 RNA 
concentrations were seen in the two patients without neurological symptoms. 
An inflammatory response was seen in some: four patients had elevated CSF 
leukocytes consistent with viral meningitis, and CSF levels of b2m were elevated 
in three patients, and significantly higher than in controls. 

After 8 weeks of t reatment , CSF HIV-1 RNA concentration, CSF leukocytes, 
and CSF levels of b2m declined, in parallel with plasma HIV-1 RNA and b2m 
levels. Noteworthy, one patient still had detectable CSF HIV-1 RNA (1,97 log]0 

copies/ml) after 48 weeks of treatment, exceeding concomitant plasma HIV-1 
RNA with 0.46 log]() copies/ml. He started with the quintuple drug regimen, and 
changed to the sextuple drug regimen from week 14 onwards. CSF b2m con
centrat ion was elevated a t baseline, but had normalized after 8 weeks of treat
ment . This patient demonstrates that clearance of CSF (and plasma) HIV-1 RNA 
may not be complete after 48 weeks of aggressive t reatment started within 6 
weeks of primary HIV-1 infection. All eleven patients from our institution who 
s tar ted treatment during chronic HIV-1 infection with two nucleoside analogues, 
if necessary intensified with a protease inhibitor, had CSF HIV-1 RNA below 
50 copies/ml after 48 weeks, even when plasma response was not complete.21 

Several explanations may be given for the slow decline in patient 18. The drug 
combination used will not be the culprit since it included all the drugs given in 
the previous study.21 There is no reason to doubt adherence to therapy in these 
highly motivated patients, furthermore, this patient eventually had undetect
able plasma HIV-1 RNA concentration. The very high CSF HIV-1 RNA concen
trat ion at baseline may be a contributing factor. In conclusion, CSF HIV-1 RNA 
clearance may be slow in patients who s tar t therapy during primary HIV-1 infec
tion. Similar data have been found for plasma.25 

We wish to express our gratitude to Dr RAH Hoekstra-van Dalen and Dr JW 
Mulder, for providing clinical data on one patient. We furthermore wish to 
acknowledge Boehringer-Ingelheim for providing nevirapine, and Glaxo Well
come for providing abacavir. 
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Abstract 

We assessed survival in AIDS related progressive multifocal leukoencephalopathy 
(PML), and the effect of cytarabine and antiretroviral therapy in a retrospective 
analysis of 35 consecutive patients with AIDS-related PML in an academic 
AIDS-referral centre over 15 years. Treatment regimens consisted of highly active 
antiretroviral treatment (HAART), intravenous cytarabine, or both. Median sur
vival after diagnosis in the overall series was 88 days. Patients with low CD4 cell 
count tended to have shorter survival. Seven patients (20%) had prolonged sur
vival (> 1 year). Cytarabine did not affect survival. Seven patients were treated 
with HAART, which did not significantly improve survival. We concluded that 
the prognosis of AIDS-related PML is still poor, with a median survival of 3 
months. 
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INTRODUCTION 

Progressive multifocal leukoencephalopathy (PML) is a subacute demyelinating 
disease of the central nervous system that was first described in 1958 in patients 
with haematological malignancies.1 In 1971 a papova-like virus was cultivated 
from the brain of a patient whose initials were JC, and the virus has since been 
named after this patient.2 PML was a rare disease before the beginning of the 
AIDS epidemic3, but today it occurs in 4% of patients with AIDS. The natura l 
course of AIDS-related PML is generally progressive with a median survival of 
6 months; however, survival exceeds 1 year in 10 % of patients.1 Various thera
pies, including interferon-a, cytosine arabinoside (cytarabine), zidovudine, and 
cidofovir have proven unsuccessful in clinical trials and large series.58Increased 
survival has recently been reported following the initiation of highly active 
antiretroviral therapy consisting of two nucleoside analogues and one protease 
inhibitor (HAART).911 

We reviewed our experience in 35 patients with AIDS-associated PML exam
ined at the Academic Medical Centre in Amsterdam over a 15-year period. We 
determined the effect of several clinical characteristics for survival, and assessed 
the benefit of the various treatment regimens given. 

PATIENTS AND METHODS 

Between September 1982 and September 1997 we examined 1050 patients with 
human immunodeficiency virus (HIV) infection for neurological symptoms. The 
incidence of PML is 3.3% in our institution. To identify all cases of AIDS-related 
PML during this period we performed a computerised search of the combined 
discharge diagnoses of human immunodeficiency virus (HIV)-infection or AIDS 
and PML or JC virus. This search yielded 45 patients. Patients were included in 
this study if the diagnosis of PML was confirmed by histopathology or polymer
ase chain reaction (PCR) for JC virus in cerebrospinal fluid (CSF) or if 1) pro
gressive focal neurological symptoms or findings were present, 2) focal white 
matter lesions were present on MRI and no mass effect was seen and 3) other 
diagnoses had been ruled out by CSF examination and MRI scan.4 Ten patients 
were excluded from our analysis due to incomplete ancillary investigation. The 
resulting series included 34 men and one woman, with a mean age of 44 years 
(range 28-66); most were homo- or bisexual men. Of the 35 patients 19 had either 
histologically or PCR-confirmed PML. In 25 patients (71%) PML was the AIDS-
defining illness. Their medical records were reviewed for prior AIDS-related 
complications, CD4-positive lymphocyte counts (CD4 cell count), HIV classifica
tion12, CSF findings including PCR for JC virus since 1995, signs and symptoms, 
antiretroviral treatment regimens, cytarabine treatment and number of cycles. 
The major goal of this study was to evaluate response to t reatment and survival 
after diagnosis in patients receiving HAART or cytarabine. Survival was calcu
lated from presentation until the present or death. All MRI scans were reviewed 
by one of us (PP) for the presence and localisation of cerebral atrophy, white 
matter lesions, contrast enhancement or mass effect, and change over time. 
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Radiologic response and the clinical course were defined as one of the following 
categories: improvement, stabilisation, or progressive. Baseline characteristics 
affecting survival include age, prior AIDS diagnosis, CD4 cell count.13 Most of 
the patients presented with hemiparesis or monoparesis (46%), or cognitive dys
function (34%). The mean CD4 cell count at the time of diagnosis was 0.16 x 109/1 
and 24 (69%) patients had CD4 cell counts < 0.2 x 109/1 (normal: 0.5 - 1.57 x 109/1). 
Cox regression analysis was used to evaluate the effects of the variables upon 
survival. Survival was calculated using the Kaplan-Meier method, and log rank 
tes ts were performed to assess differences between survival curves. 

RESULTS 

The results of CSF examination were completely normal in 13 patients (37%). 
In 5 patients (14%), the cell count was > 10/|il, in 20 (57%) patients total pro
tein was elevated > 0.5 g/1, but in only 2 (6%) patients > 0.7 g/1, and in 2 (6%) 
pat ients glucose was < 2.5 mmol/1. Eleven patients were tested for PCR of JC 
virus; in 5 patients the results were positive and in 6 negative. In two of these 
pat ients biopsy or autopsy were consistent with a diagnosis of PML. The PCR 
resul ts were considered false-negative in another four patients because clinical 
symptoms and neuroradiological findings were found to be unequivocal, but neu-
ropathological confirmation was not available. 

MRI showed multifocal white matter lesions in 28 patients (82%), which were 
hyperintense on T2-weighted images and hypointense on Tl-weighted images. 
In 6 patients (18%) only one lesion was seen on the first MRI. In 29 patients 
intravenous contrast was given during either computed tomography or MRI or 
both; in 27 (93%) no contrast enhancement was seen, while in two patients only 
slight contrast enhancement was seen. In none of the patients was mass effect 
present. 

Autopsy findings were available from 8 patients, and brain biopsy was car
ried out in 7 patients; one patient underwent both procedures. In all patients 
the clinical diagnosis was confirmed by the identification of areas of demyelina-
tion, 'bizarre' astrocytes, enlarged oligodendrocytes with intranuclear inclusion 
bodies, or by in situ hybridisation of J C virus. ' 

Twenty-eight (80%) patients died within 1 year; median survival was 88 
days (range 18 - 1332). Three patients are still alive, 457, 486, and 1227 days 
after diagnosis. Seven (20%) patients were long-term (> 1 year) survivors (Table 
1). Neither age nor prior AIDS was significantly related to survival; however, 
pat ients with higher CD4 cell counts had decreased risk of death (hazard ratio 
(HR) 0.72 (95% CI 0.53-0.98; p=0.04). With a CD4 cell count cuttoff of < 0.2 x 
109/1 median survival was 74 + 31 days in patients with lower count and 167 + 
163 days in those with a higher count. (p=0.06) 

During the study period, 19 patients (54%) were treated with an experimental 
t rea tment of cytarabine, 2 mg/kg/day for 5 days each month. Thirteen of these 
pat ients received 3 cycles or fewer. Treatment was most often discontinued 
because of relentless progression leading to death. Only one patient, whose con-
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Table 3 
Prediction of survival in HIV-related PML using baseline and treatment variables in a Cox 
regression model 

baseline variables 
age 
prior AIDS 
CD4 count > 200 
CD4 count 
(per 100 cells/u.1 increase) 

treatment 
cytarabine 
HAART 

univariate analysis 

hazard 
ratio 

1.01 
1.87 
0.43 

0.72 

0.72 
0.52 

95% CI 

0.97-1.05 
0.84-4.18 
0.18-1.02 

0.53-0.98 

0.35-1.50 
0.18-1.48 

P 

0.63 
0.13 
0.06 

0.04 

0.38 
0.22 

after correction for CD4 cell 
counts 

hazard 
ratio 

1.29 

1.05 
0.73 

95% CI 

0.55-3.01 

0.47-2.32 
0.24-2.21 

P 

0.56 

0.91 
0.58 

dition stabilized, died from another cause. Five patients were treated with 6 -
31 cycles; three patients showed long-term clinical improvement and survived 
more than 3 years, one showed clinical improvement of short duration, and one 
showed long-term stabilization. All four patients with clinical improvement had 
radiological improvement as well. After correction for CD4 cell counts, cytarab
ine t rea tment did not affect risk of death (HR 1.05; 95% CI 0.47-2.32). Seven 
pat ients (20%) were treated with HAART from presentation until death or the 
present and their median survival has been 167 days (Table 2). All seven patients 
were antiretroviral naive at presentation. One of these patients had clinical and 
radiological improvement after the initiation of HAART and 10 cycles of cytara
bine and is alive 1227 days after diagnosis. A second patient also had clinical and 
radiological improvement and is alive 486 days after diagnosis. The remaining 
pat ients were not treated (n=2), or were treated with less efficient antiretroviral 
t rea tment , most often consisting of zidovudine monotherapy (n=10). The point 
es t imate of the hazard ratio for treatment with HAART after correction for CD4 
cell count was calculated to be 0.73 (95% CI 0.24-2.21), and therefore a clinical 
important effect cannot be excluded. 

Results of the regression analysis are presented in Table 3. The univariate 
analysis showed that of baseline parameters only CD4 count was significantly 
related to survival; neither cytarabine t rea tment nor HAART had a statisti
cally significant effect. After correcting for CD4 cell counts none of the variables 
showed a significant effect. 

DISCUSSION 

PML is considered an AIDS defining illness if confirmed by histology.12 In recent 
years we and others have used the following criteria for the diagnosis of PML: 
HIV-infected patients with progressive focal neurological symptoms and multifo
cal asymmetric white matter lesions with no mass effect, no contrast enhance-
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ment, and no considerable cerebral atrophy.414 The detection of JC virus in the 
CSF by PCR has recently been advocated to diagnose PML.15 Recent studies 
have shown a sensitivity of more than 65%, and a specificity of 92 - 100 %. The 
considerable false-negative rate of 35% indicates that a negative PCR result 
cannot be considered sufficient to exclude PML.15 PCR results were positive for 
5 of the 11 (46%) patients tested in our series. As in other reports, hemiparesis 
and cognitive dysfunction were the most common presenting symptoms, followed 
in order of frequency by cerebellar symptoms, aphasia, gait abnormalities and 
seizures.' When PML occurs, it is frequently the AIDS-defining illness, as in 70% 
of our patients.416 

The overall median survival in our patients was 88 days, consistent with 
that in earlier reports.416 Prolonged (> 1 year) survival was reported in 9% of 
patients who received no specific treatment. ' Factors associated with prolonged 
survival include: no prior AIDS, high CD4 cell counts, contrast enhancement on 
MRI, and low JC viral load in CSF.131617 The mean survival time for patients 
with a low CD4 cell counts was 4 months and that in patients with a high count 
was 9 months.16 Our patients with a CD4 cell count > 0.2 x 109/1 tended to have 
increased survival time (167 days versus 74 days). A total of seven patients in 
our study group (20%) were long-term (> 1 year) survivors. No conspicuous char
acteristics were found in these patients. 

Several institutions including ours1819 have reported a clinical and radiologi
cal improvement after t reatment with cytarabine, in contrast with others.820 

A randomised controlled trial found no significant difference in antiretroviral 
therapy alone versus antiretroviral therapy plus intravenous cytarabine versus 
antiretroviral therapy plus intrathecal cytarabine.5 Despite earlier promising 
results in three patients from our institution, cytarabine t reatment ultimately 
showed no clear benefit.18 Two of the earlier reported patients were treated with 
cytarabine until death, 1156 and 1332 days respectively after the first symp
toms. Since 1996 we no longer prescribe cytarabine for this indication. 

Clinical and radiological improvement has also been seen in a few patients 
after treatment with zidovudine 1200 mg per day.16 A (pilot) study on the effec
tiveness of interferon-a in 15 patients found no benefit.6 A recent study, how
ever, has reported that interferon-a prolongs survival.21 Two reported pat ients 
had a clinical and radiological improvement after t reatment with cidofovir.7 A 
European clinical trial evaluating cidofovir has been recently started. The most 
promising data derive from studies evaluating HAART. Median survival was sig
nificantly higher in 5 patients on HAART (>13 months) than in 24 patients not 
receiving HAART (4 months).9 A second study reported 12 patients on HAART 
having a median survival of 18 months compared with 2 months in 13 controls. 
Neurological deficits improved in six patients. Several patients have shown 
clearance of JC virus from CSF.10 In a cohort of 25 patients treated with HAART, 
median survival was > 46 weeks, compared with 11 weeks in historical con
trols.11 In contrast with these findings, others have reported two patients who 
developed the initial symptoms of PML despite HAART, and who subsequently 
responded to cidofovir.7 A recent report on 11 patients from Italy noted the 
failure of HAART.22 It has been suggested that HAART prolongs survival only 
in those patients whose plasma HIV-1 RNA responds to HAART.11 Two of our 
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p a t i e n t s h a v e s h o w n i m p r o v e d immunological competence , shown by increased 
CD4 c o u n t a n d d e c r e a s e d p l a s m a HIV-1 RNA load, after t h e in i t i a t ion of HAART. 
B o t h w e r e long- t e rm su rv ivo r s . 

I n s u m m a r y , P M L is a re la t ive ly frequent neurological complicat ion in A I D S . 
M e d i a n su rv iva l is 8 8 d a y s w i t h a r a n g e of 18-1332 days . Su rv iva l exceeds 
1 y e a r in 20% of p a t i e n t s . No t r e a t m e n t r eg imen h a s ye t been shown consist
e n t l y effective in p ro long ing survival. However , HAART m a y improve surv iva l 
in A I D S p a t i e n t s w i t h P M L . Pa t i en t s in w h o m immunolog ica l competence is 
r e s t o r e d d u r i n g H A A R T a r e t he most l ikely c a n d i d a t e s . 
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ytomegalovirus (CMV) encephalitis has been found at necropsy in 26% of 
patients with AIDS.1 The clinical features of CMV encephalitis in AIDS 
are not uniform. Neurological symptoms may include meningeal signs, 

disorientation, short-term memory deficits, apathy, dementia, coma, seizures, or 
brainstem involvement.2 Cerebrospinal fluid (CSF) examination is often normal. 
In only one case of AIDS-related CMV encephalitis was CMV cultured from 
CSF.3 Computed tomography (CT) findings are non-specific, including diffuse 
subependymal contrast enhancement and white matter hypodensities. Ganciclo
vir maintenance for other CMV infections in patients with AIDS does not nec
essarily prevent central nervous system disease.4 The prognosis is, even with 
ganciclovir, poor. 

A 36-year-old man with AIDS, who was on ganciclovir for CMV retinitis (7 
mg/kg 5 days a week), presented with a 10-day history of progressive frontal 
headaches, nausea, vomiting, and fever. Temperature was 38.2°C. He was apathie 
but oriented. Meningeal signs were absent. Tendon reflexes were poor and sym
metrical with bilateral extensor plantar responses. Ophthalmological examina
tion revealed a minimal increase in retinal inflammation. CT of the brain showed 
generalised atrophy and periventricular contrast enhancement. CSF contained 
118 white blood cells (WBC) per ml, of which 54% were lymphocytes, 15% mono
cytes, and 30% polymorphonuclear leucocytes; total protein was 0.91 g/1 and glu
cose 1.5 mmol/1. CMV early antigen was detected in CSF by immunoperoxidase 
staining. A presumptive diagnosis of CMV meningoencephalitis was made. Gan
ciclovir was increased to 5 mg/kg twice a day intravenously. Viral culture of CSF 
became positive for CMV after 18 days. 

A few days later he developed bilateral internuclear ophthalmoplegia and up-
and-down gaze vertical nystagmus with preserved convergence. Retrograde and 
anterograde amnesia became obvious, and he became progressively obtunded. 
Foscarnet 60 mg/kg three times a day was added intravenously, and his condi
tion improved substantially. He became alert, the headache disappeared, nausea 
and vomiting stopped, and fever gradually subsided. CT after 15 days of treat
ment showed decreased periventricular contrast enhancement. CSF examina
tion after 22 days of treatment revealed a decrease in pleocytosis (14 WBC); 
total protein was 0.85 g/1. Neither immunohistochemistry nor in-situ hybridisa
tion demonstrated CMV. Viral culture remained negative. After 6 weeks of sta
bilisation, the doses of foscarnet and ganciclovir were lowered. 10 days later his 
condition deteriorated. The patient and his family decided to stop medication 
and he died 2 weeks later of progressive brainstem involvement. 

In a patient with AIDS who presents with progressive mental deterioration 
and brainstem (oculomotor) signs, periventricular contrast enhancement on CT, 
and CMV early antigen (and pleocytosis and positive viral culture) in the CSF, 
CMV meningoencephalitis is the most likely diagnosis. Ganciclovir/foscarnet in 
induction doses may be of some benefit: our patient had a clinical, radiological, 
and virological response to this treatment. 
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Abstract 

Meningeal involvement occurred in 8 ( 22%) of 36 adult patients with AIDS-
related systemic non-Hodgkin's lymphoma, seen in a ten-year-period. Clinical 
symptoms consisted of cranial nerve palsies, radicular involvement, headache or 
diffuse encephalopathy. Cerebrospinal fluid examination established the diagno
sis in all cases. Systemic disease had been diagnosed 7-33 weeks prior to lympho-
matous meningitis in 6patients, whereas in the remaining two patients diagnoses 
of systemic and meningeal disease were made simultaneously. All patients had 
intermediate or high grade lymphomas and widespread disease. By contrast with 
non-AIDS related lymphomas, bone marrow involvement at initial staging cannot 
be used to select patients for prophylactic treatment, as 7 out of our 8 patients 
had no initial bone marrow involvement. In this retrospective review, prognosis 
of lymphomatous meningitis was extremely poor, with a mean survival of only 
5 weeks. Survival of patients with systemic lymphoma who eventually developed 
lymphomatous meningitis was 4.0 months compared to 7.2 months for those who 
did not. In our experience, lymphomatous meningitis has the worst outcome of all 
AIDS-related neurological complications, regardless of treatment. 
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INTRODUCTION 

The acquired immune deficiency syndrome (AIDS) is associated with an increased 
incidence of non-Hodgkin's lymphoma. These lymphoma's are usually systemic 
high-grade B-cell-lymphomas (immunoblastic lymphoma, Burkitt 's lymphoma) 
and primary lymphoma of the brain.12 Systemic high grade lymphomas have 
been reported in 2.3% of cases of AIDS, compared with a prevalence of 0.05% in 
the general population.3 

In non-AIDS-related systemic lymphomas central nervous system involve
ment is not a frequent complication and occurs almost exclusively in interme
diate and high grade malignancies (according to the Working Formulation).46 

Meningeal involvement has been found in 2-8%, cerebral in 1-2.5%, and epidural 
in 0.5-6%.4"6 

Meningeal involvement occurs far more frequently in AIDS-related systemic 
lymphomas and has been reported in 12-26% at the initial presentation.7 9 Data 
on meningeal relapse after t reatment are sparse. 

We have reviewed the records of all patients with HIV-related neurological 
complications examined at the Academic Medical Center in Amsterdam in the 
period of September 1982 to September 1992. We report the clinical findings, 
course, treatment and histopathologic findings of eight patients with AIDS-
related systemic non-Hodgkin's lymphoma and meningeal involvement. 

PATIENTS AND METHODS 

From a review of the medical records of all HIV-infected patients seen for neuro
logical complications (n=635) in the period of September 1982 to September 1992 
we identified eight cases of lymphomatous meningitis in AIDS-related systemic 
non-Hodgkin's lymphoma. Prevalence of this neurologic complication is 1.2% 
among all neurologic complications. In order to find all cases of AIDS-related 
systemic non-Hodgkin's lymphoma during this period a computerized search was 
performed of the combined discharge diagnoses of HIV-infection/AIDS and non-
Hodgkin's lymphoma. This search yielded 36 patients. We eventually reviewed 
the medical records of these patients for survival data. Examination of the 
spinal fluid has not been part of the routine staging procedures until Septem
ber 1992. Neurological and spinal fluid examination in these 36 patients were 
performed when neurological abnormalities were present. Clinical evaluation 
included age, sex, AIDS risk factors, prior AIDS-related complications, CD4-pos-
itive lymphocyte counts (CD4 count), clinical stage at presentation (Ann Arbor 
stage I-IV (stage I: involvement of a single lymph node region or of a single 
parenchymal organ; stage IV: disseminated foci of one or more parenchymal 
organs with or without lymph node involvement or a single lesion in liver or 
bone marrow; the presence of fever, night sweats or weight loss is denoted by 
the suffix letter B)10, histology (Working Formulation and Kiel classification1112), 
t reatment regimens, response to initial systemic therapy, time course to devel
opment of meningeal involvement, signs and symptoms of meningeal involve
ment, spinal fluid findings, radiologic findings, therapy and survival from the 
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date of the diagnostic procedure. Autopsy was performed in four patients. 

RESULTS 

Thirty-six pat ients with systemic non-Hodgkin's lymphoma and AIDS were seen 
in the Academic Medical Centre of Amsterdam in a 10-year period. Meningeal 
involvement occurred in eight (22%) of all patients with systemic lymphoma. 
Two patients had lymphomatous meningitis at the initial presentation of sys
temic lymphoma and six developed lymphomatous meningitis. 

Seven male patients and one female patient had a mean age of 38 years 
(range 29-57 years). Five men were homosexual, one was an intravenous drug 
abuser and two patients probably had been infected by heterosexual contacts. An 
AIDS-diagnosing event had preceded the onset of systemic lymphoma in three 
pat ients; one patient had been diagnosed with Pneumocystis carinii pneumonia 
and Candida oesophagitis, the second patient with Kaposi's sarcoma, and the 
third with Candida oesophagitis. The mean CD4 count at the time of diagnosis 
of systemic disease was 0.2xl09/l (range 0.01-0.66xl09/l) (normal: 0.5-1.57xl09/l) 
(see Table). 

Systemic non-Hodgkin's lymphoma had been diagnosed in all patients before 
or simultaneously with meningeal involvement. Histologic examination revealed 
B-cell lymphomas in seven patients; in one patient a B-cell origin could not be 
proved. Six patients had high grade lymphoma (according to the Working For
mulation), three of them had Burkitt's lymphoma, two of them immunoblastic 
lymphoma and one lymphoblastic lymphoma. The other two patients had at 
least intermediate grade lymphoma, one of them had a mixed immunoblastic/ 
centroblastic lymphoma, the other one had a centroblastic lymphoma. We did 
not find any case of low grade lymphoma with meningeal involvement. 

Clinical staging using the Ann Arbor classification was performed in all 
pat ients; seven patients had stage IVb disease and one patient had stage lb dis
ease. All patients underwent bone marrow biopsy for staging procedures, only 
one patient had bone marrow infiltration. The general condition was good in four 
pat ients , fair in three and poor in one. 

Six patients in whom systemic lymphoma had been found before meningeal 
involvement occurred were treated with two to four CNOP (cyclophosphamide, 
mitoxantrone, vincristine, prednisone) regimens. One had progressive lymphoma 
and t reatment was switched to DAP (dexamethasone, cytarabine, cisplatin) 
regimens. In four patients (1,2,4,6) antiretroviral medication was discontinued 
during chemotherapy, in the remaining four patients zidovudine was never 
s tar ted. One patient had a complete remission (2), another had a partial remis
sion (5), and four had progressive disease. The mean interval between the diag
nosis of systemic lymphoma and meningeal infiltration was 13 weeks (range 0-33 
weeks). The CD4 counts had by then decreased to a mean value of 0.15xl0!'/l. 

Six patients presented with a cranial nerve palsy, in three of them multiple 
cranial nerves were involved (the abducens nerve was five times involved). 
One patient presented with spinal root dysfunction. One patient had a diffuse 
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encephalopathy only. Accompanying symptoms in the other 7 patients consisted 
of headache, nausea, vomiting and/or diffuse encephalopathy. The general con
dition often had deteriorated; the clinical condition was good in 1 patient, fair in 
three and poor in four patients. 

Metastatic meningeal involvement was found by CSF examination in all patients. 
In seven patients the first lumbar puncture revealed pathologic cells. One patient 
had manifested an abducens palsy 5 months prior to proven meningeal involve
ment. CSF examination had been performed five times, but no malignant cells 
were found. He eventually developed multiple cranial nerve palsies; reexamina
tion of spinal fluid then revealed lymphoma cells. No further specific abnormali
ties of the spinal fluid were found; a slight to severe pleiocytosis was always 
present (range 6-250 leukocytes per mm3), protein content was elevated in four 
pat ients (mean 0.7 g/1, range 0.16-1.51 g/1), hypoglycorrhagia was found in three 
pat ients . 

CT scanning of the brain before and after administration of iodinated contrast 
was performed in all patients. In four patients no abnormalities were found, in 
the other four patients only mild atrophy was found. 

All our patients did poorly, either with or without treatment. The average sur
vival was only five weeks (range 5 days-14 weeks). The mean survival of these 
pat ients from the date of diagnosis of systemic disease was 4.0 months (95% con
fidence interval: 2.1-5.9 months). Two patients (1,7) with progressive systemic 
disease and poor clinical condition refused treatment. They died 5 and 11 days 
after the diagnostic procedure. 

Treatment data are available in six patients. Five patients (2-6) had an 
Ommaya reservoir implanted and were treated with intraventricular methotrex
ate. One patient (5) received additional irradiation on the base of the skull. Two 
of the five patients (2,6) had a short-lived (one to two weeks) and slight clinical 
improvement. Two patients (4,5) had a short-lived (one to three weeks) stabiliza
tion of neurologic symptoms. One patient developed progressive disease, consist
ing of hemiparesis and hemihypesthesia (3). One patient (8) was treated with 
intrathecal methotrexate and steroids once and he started with whole brain 
radiation, but neurological signs and symptoms progressed and t reatment was 
discontinued. No lymphoma cells could be detected in the CSF of four patients 
(2,3,4,6) after a mean duration of treatment of ten days, but in two patients 
(4,6) pathologic cells recurred. In two patients (5,8) pathologic cells remained 
present. 

Systemic chemotherapy was continued in 3 patients (3,4,5) and was started 
in two patients (6,8). In the sixth patient (2) systemic treatment was not reinsti-
tuted; a systemic relapse was not present. Two (3,6) received CNOP regimens, 
two (4,5) received DAP regimens and one patient (8) received vincristine only. In 
four patients t reatment eventually had to be discontinued because of progressive 
(5,8) or recurrent (4,6) lymphomatous meningitis, all of whom also had progres
sive systemic disease. In one patient cerebrospinal fluid turned tumor-negative, 
but neurologic symptoms progressed, and she died of progressive systemic and 
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meningeal disease (3). In the sixth patient cerebrospinal fluid also turned nega
tive, but he died of a status epilepticus (2). At autopsy he showed no systemic or 
meningeal disease. 

In order to compare the mean survival of the patients who developed lympho-
matous meningitis to the survival of those who did not, we calculated the dura
tion of survival ( in months) from the diagnostic procedure to the date of death 
in 28 patients without meningeal involvement. We excluded three patients in 
whom the diagnosis has been made recently. We found a mean duration of sur
vival of 7.2 months (95% confidence interval: 3.8-10.6 months) for 25 patients. No 
significant difference in survival could be found between patients with menin
geal involvement and those without. 

Autopsy findings were available in four patients (1,2,5,6). Three of them (1,5,6) 
had evidence of multifocal systemic lymphoma. One untreated patient (1) showed 
leptomeningeal involvement and tumour cells in Virchow-Robin spaces. In 
one treated patient (2) no evidence of metastatic lymphoma could be found. 
One treated patient (6) had both leptomeningeal involvement and intracerebral 
metastases in the brainstem, another treated patient (5) showed leptomeningeal 
involvement. 

DISCUSSION 

When systemic non-Hodgkin's lymphoma occurs, it often is an early complication 
of HIV-infection; no prior AIDS-defining diagnoses had occurred in 55% (range 
between reports 32-77%) of cases.1-791314 The overall median survival of AIDS 
patients with systemic intermediate or high grade non-Hodgkin's lymphoma is 
4-7 months; factors predictive of survival differ among reports and include his
tologic subtype, initial staging, bone marrow involvement, prior AIDS diagno
sis, CD4 counts, Karnofski performance status, treatment regimen and response 
to treatment.1 '7 '91315 About half of them achieves complete remission following 
treatment, but relapses are frequent. The cause of death is either progressive 
lymphoma or opportunistic infection or both. 

In non-AIDS patients risk factors for meningeal involvement include aggres
sive histopathologic subtype4616 , stage IV disease1-6, and bone marrow involve
ment4-616 at initial presentation. 

Patients with AIDS often have aggressive and widespread systemic 
lymphoma.1,7'913,14 Bone marrow involvement at initial staging cannot be used 
to select patients who may be at high risk for lymphomatous meningitis. This 
association is not uniformly found in patients with AIDS. 8-91415 

The clinical presentation of meningeal involvement in our patients corre
sponds well with previous reports.4,6 

The prognosis of lymphomatous meningitis is extremely poor. In our popula
tion mean survival was only five weeks. Survival was shortest in those patients 
who received no treatment at all; in both patients t reatment was not initiated 
because of a poor condition and the presence of progressive systemic disease. 
However, the marginally longer survival in our six treated patients consisted of 
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a period of hospitalization with at most a short-lived and slight clinical improve
ment. 

No significant decrease in survival could be found in patients who eventually 
developed lymphomatous meningitis, compared to those who did not, but num
bers are small. In order to improve survival, prevention of meningeal relapse in 
pat ients with a fair or good prognosis of systemic disease may be important. A 
recent prospective trial in AIDS patients who all underwent a lumbar puncture 
for staging showed that the combination of a less agressive systemic chemother-
apeutic schedule, prophylactic intrathecal treatment, an appropriate antiretro-
viral medication and prophylactic t reatment of opportunistic infections seems 
promising. No meningeal relapses were seen in those patients who had a par
tial or complete remission (51% of all patients) after treatment.7 Nevertheless, 
median survival in this series (6.5 months) did not differ much from that found 
in the above-mentioned retrospective series.1-8-9-13-15 

Lymphomatous meningitis frequently occurs in AIDS-related systemic non-
Hodgkin's lymphoma. It still is a rare neurologic complication of AIDS, but the 
incidence has risen in recent years. Among all neurologic complications, lym
phomatous meningitis has the bleakest outcome, with a mean survival of only 
five weeks, and no patient surviving more than 14 weeks in our population. Our 
experience seems to justify every trial with the intention of preventing this com
plication in systemic lymphoma. 

The authors would like to express their appreciation to Mr P. van Halem of 
the Office of Medical Registration for providing data on prevalence of systemic 
non-Hodgkin's lymphoma at the Academic Medical Center of Amsterdam from 
1982-present and to Professor M. de Visser for critical comments. 
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HIV-1 RELATED NEUROLOGICAL MANIFESTATIONS 

Chapter 1 focuses on penetration of antiretroviral drugs into the CNS and their 
effect on CSF HIV-1 RNA. Recently, additional reports have been published on 
CNS penetration of antiretroviral drugs, that have not been included in our 
review.1 Several data concern the non-nucleoside and nucleoside reverse tran
scriptase inhibitors. An area under the curve (AUC) ratio (cerebrospinal fluid 
(CSF) to plasma) was calculated for abacavir and found to be 36%, which is 
far less than the AUCcsf to laqma of 75% found for zidovudine.2 The addition of 
abacavir to background t reatment in patients with HIV-1 related dementia (HIV 
dementia) offered no clinical benefit.3 Cross-resistance between abacavir and the 
previously used nucleoside analogues may explain this therapeutic failure.4 I n 
contrast with these clinical studies, brain tissue penetration of abacavir was 
found to be > zidovudine > stavudine in guinea pigs.5 CSF levels of nevirapine 
were 1000-fold lower than those first presented, which causes the CSF concen
tration to IC50 ratio to be far less favorable.6-7 The combination of nevirapine 
and indinavir for more than 2 years suppressed CSF HIV-1 RNA to less than 
50 copies/ml (c/ml) in all 6 examined patients.7 CSF levels of efavirenz have now 
been measured in 10 patients, and were above the IC9. for wild-type HIV-1. Fur
thermore, CSF HIV-1 RNA levels were below 400 c/ml after 26 weeks on combi
nation treatment including efavirenz.8 Efavirenz may be a good candidate for 
CNS treatment because in addition to favorable CNS penetration preliminary 
data have demonstrated that efavirenz is a potent inhibitor of HIV-1 infection in 
microglia.9 CSF levels of emivirine have been determined in 7 patients, and were 
20-fold higher than the IC90, CSF HIV-1 RNA was below 50 c/ml in 7 patients 
treated for 24 weeks with an emivirine triple drug regimen.10 

Most new data concern the protease inhibitors. In six patients who were 
treated with nelfinavir containing multiple drug regimens, CSF nelfinavir con
centrations were below the detection limit. CSF HIV-1 RNA decreased in 5 
patients after 4 weeks of combination t reatment ." CSF concentrations of ampre-
navir approximated the expected IC90 in some subjects; in all nine patients treated 
for 24 weeks with amprenavir containing highly active antiretroviral therapy 
(HAART), CSF HIV-1 RNA was below 500 c/ml.12 The role of P-glycoprotein has 
been further explored. The HIV-1 protease inhibitors ritonavir, saquinavir, indi
navir, nelfinavir and amprenavir (141W94) were found to be P-glycoprotein sub
strates, which may further impede CNS penetration.1315 Another complicating 
factor is that monocytes/macrophages which are the main target for HIV-1 infec
tion of the CNS, compared to lymphocytes, require relatively high concentrations 
of protease inhibitors to suppress HIV-1 replication. Therefore, control of HIV-1 
infection in the CNS by protease inhibitors may less complete than in other par ts 
of the body.1617 

Because new antiretroviral drugs may not be administered as a single drug in 
future trials, and because the evaluation of drug combinations for HIV dementia 
in clinical trials may take years, monitoring CSF HIV-1 RNA response is often 
used as a surrogate for CNS efficacy.1819thisthesis 

In the later stages of HIV-1 infection, high levels of CSF HIV-1 RNA correlate 
with high brain parenchyma concentration.20,21 The significance of measurable 
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CSF HIV-1 RNA in early HIV-1 infection, however, is still controversial. Neuro-
logically asymptomatic individuals with preserved integrity of the blood-brain 
barr ier often had detectable CSF HIV-1 RNA; the concentration was correlated 
with the CSF lymphocyte count. These data support the hypothesis of local pro
duction of HIV-1 as the source of CSF HIV-1.18-22-23 The decay of CSF HIV-1 
RNA was found to be similarly rapid as that seen in plasma in the first days 
to weeks of t rea tment in many patients, although divergent decay was seen in 
some.24-25 Furthermore, a rapid increase may be seen after temporary interrup
tion of treatment; CSF HIV-1 RNA may even rise more rapidly and to a greater 
extent than plasma HIV-1 RNA.20-6 These kinetics support the hypothesis that 
CSF HIV-1 RNA is partly derived from short-lived cells such as meningeal lym
phocytes. These lymphocytes may originate from the blood. Although it has been 
hypothesized tha t drugs with poor CNS penetration may still lower CSF HIV-1 
RNA by secondarily reducing traffic of infected lymphocytes into the CSF, a 
double protease inhibitor regimen alone could not suppress detectable CSF HIV-
RNA levels to below the detection limit after 12 weeks of t reatment in the major
ity of patients.27-chapter3 A second type of CSF infection, which is independent of 
CSF lymphocytes, occurs during the later stages of HIV-1 infection20-2728, and is 
probably seeded by infected monocytes and sustained within macrophages. Once 
brain parenchymal macrophages have become infected, drug levels achieved in 
the CNS, and drug levels required to completely suppress HIV-1 replication in 
macrophages surely are important issues. 

Since the writing of chapter 2, several new developments in diagnosis and 
t rea tment of HIV dementia have occurred. CSF HIV-1 RNA, and CSF monocyte 
chemoattractant protein-1 (MCP-1) have been evaluated as markers for the diag
nosis of HIV dementia, but both were not diagnostic. Elevated levels of HIV-1 
RNA may be found in HIV dementia, in several other neurological syndromes, 
and in asymptomatic HIV-1 infected individuals.20-2830 MCP-1 is generally ele
vated in patients with HIV dementia, but is also elevated in patients with CMV 
meningoencephalitis.3135 A bedside neuropsychological test emphasizing motor 
speed and concentration may be used as a screening procedure for further inves
tigation.31 The utility of functional neuroimaging techniques, such as single 
photon emission computed tomography (SPECT), positron emission tomography 
(PET), and proton magnetic resonance spectroscopy (MRS) in the diagnosis of 
HIV dementia is currently under investigation. Neurochemical alterations have 
been demonstrated using MRS in patients with HIV dementia compared with 
pat ients with minor cognitive disorder and controls.35-36 Despite these new devel
opments, HIV dementia remains a diagnosis of exclusion. 

Several studies evaluating antiretroviral treatment of HIV dementia have 
been published.37 Forty patients with HIV dementia were randomly assigned to 
receive either 1000 mg zidovudine, 2000 mg zidovudine, or placebo, and were fol
lowed for an average of 64 weeks. Performance on a neuropsychological test bat
tery revealed significant improvement at 16 weeks in the combined treatment 
groups compared to placebo.38 In an open study of 30 consecutive patients with 
mild to end-stage HIV dementia in Italy, patients were assigned to receive zido
vudine in a daily dosage of 500 mg, 750 mg, or 1000 mg. Overall, 73% showed 
some improvement within 3 months, 83% after 6 months of treatment, and 47% 
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after 12 months of treatment.39 In two small open studies (11 patients with 
AIDS (6 with HIV dementia), and 12 patients with AIDS and neuropsychologi
cal impairment, respectively) cognitive functioning improved during the first 4-6 
months of t reatment with zidovudine 800-2000 mg daily. This improvement was 
not evident at the second follow-up after 9-12 months of treatment.40-41 These 
studies suggests that the benefits of zidovudine monotherapy are time-limited. 

HAART was evaluated in 16 patients with mild HIV dementia (stages 1 
and 2); dementia stage decreased significantly by 0.54 ± 0.54 points.42 HAART 
improved neurological function in two patients with severe HIV dementia.43-44 

Twenty-nine patients with mild cognitive disorders showed a significant improve
ment in neurocognitive impairment after 20 months of treatment with HAART.'° 
Eight patients with HIV dementia showed clinical improvement with improved 
MRI white matter abnormalities in 4 of them during treatment with protease 
inhibitor-containing triple therapy.lf> Improved psychomotor speed performance 
was seen in a cohort of 78 patients treated with HAART.17 A controlled tr ial 
of t reatment with abacavir in heavily pre-treated patients with HIV dementia 
demonstrated no significant neuropsychological improvement.3 Peptide T may 
have an antiviral effect by interfering with the binding of gpl20, a potentially 
neurotoxic viral product, to CD4+ receptors in brain tissue, but was not effective 
for HIV-1 associated cognitive impairment.18 

Several other drugs, including nimodipine, deprenyl, thioctic acid, lexipafant, 
and OPC-14117 have been evaluated in controlled clinical trials to t reat HIV-1 
infected patients with cognitive impairment or HIV dementia. These drugs do 
not inhibit viral replication but interfere with indirect mechanisms of cell injury, 
and may be useful as adjunctive t reatment to inhibit the inflammatory cascade 
triggered by HIV-1. HIV-1 infected macrophages or microglia secrete neurotoxic 
substances leading to overactivation of neuronal iV-methyl-D-aspartate (NMDA) 
receptors resulting in an increase in intracellular calcium ion concentrations. 
This pathway may be blocked by NMDA-anatagonists (e.g. memantine) or pos
sibly by calcium-channel blockers (e.g. nimodipine). Deprenyl is a putative anti-
apoptotic agent, lexipafant a platelet-activating factor antagonist, thioctic acid 
and OPC-14117 both are antioxidants. Significant improvement in overall neu
ropsychological test score was not demonstrated for any of these drugs.4902 

The antiretroviral treatment studies have confirmed our finding (Chapter 
2) tha t zidovudine may improve cognition and motor skills in patients with 
HIV dementia. HAART may further expand the therapeutic options. But so far, 
adjunctive therapeutic strategies have shown disappointing results.37 

In recent years, antiretroviral drug efficacy in the CNS has often been eval
uated in asymptomatic HIV-1 infected individuals by monitoring CSF HIV-1 
RNA concentration or CSF markers of immune activation. We found tha t treat
ment with ritonavir/saquinavir was far less effective in suppressing CSF HIV-1 
RNA levels to below the detection limit after 12 weeks of treatment than treat
ment with ritonavir/saquinavir plus stavudine. In our study, CSF HIV-1 RNA 
remained above 230 c/ml in 5/16 (31%) patients with serum HIV-1 RNA below 
the detection limit at week 12. Others found that suppression of HIV-1 RNA 
in either compartment was strongly associated with that in the other compart
ment during treatment with ritonavir/saquinavir.53 Because only minor protease 
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mutat ions were seen in t reatment failures, low CSF drug levels, as opposed to 
the emergence of viral resistance, may be responsible for CSF failure during 
t rea tment with protease inhibitors. 

Since the value of monitoring CSF HIV-1 RNA concentrations during therapy 
has been disputed in the absence of data on simultaneous CSF b2 microglobulin 
(b2m) levels54, we monitored CSF concentrations of b2m in patients from a previ
ous study.18 CSF b2m levels were increased compared to controls and dropped 
during therapy, concomitantly with a drop in CSF HIV-1 RNA. Others found 
tha t CSF concentrations of the immune activation marker neopterin also fol
lowed the changes in HIV-1 RNA during asymptomatic HIV-1 infection.55 

Longitudinal CSF data of antiretroviral treatment started during primary 
HIV-1 infection are sparse.56-57 We treated six patients with a quintuple or sex
tuple drug regimen within 6 weeks after primary HIV-1 infection or documented 
HIV-1 seroconversion. CSF (and plasma) HIV-1 RNA, CSF (and plasma) b2m, 
and CSF leukocytes decreased significantly after 8 weeks of treatment. CSF data 
after 48 weeks of t reatment were available for two of them; one still had detect
able CSF HIV-1 RNA, albeit at a low level, surpassing concomitant plasma con
centration. 

OPPORTUNISTIC NEUROLOGICAL MANIFESTATIONS 

The incidence of opportunistic neurological manifestations has dramatically 
declined in the past few years due to HAART, and the use of prophylactic 
agents.58 

We assessed survival in AIDS related progressive multifocal leukoencepha-
lopathy (PML), and the influence of HAART. Seven patients were treated with 
HAART. Two of them had clinical and radiological improvement and are alive 
486, and 1227 days after diagnosis respectively. Both patients had improved 
immunologic and virologie parameters. Several recently published observational 
studies have demonstrated an improved survival in patients with AIDS-related 
PML treated with HAART(n=251).59"66 Data on neurological s tatus are scarce, 
but neurological improvement has been reported in 16 patients.60-62-63 Longer sur
vival in patients treated with HAART is probably due to improved control of 
HIV-1 viral replication (decreased HIV-1 viral load) and improved immune com
petence (increased CD4+ cell count), because patients responding well to HAART 
with HIV plasma viral loads below 500 c/ml and patients whose CD4 cell counts 
had increased by more than 0.10 x 109/1 had a better survival.59-M Furthermore, 
control of JC virus replication may affect survival.67-68 Clearance of JC virus DNA 
concurrent with clinical improvement has been demonstrated in several patients 
following the s tar t of HAART.6062 

Ideally, the efficacy of an intervention should be tested in a controlled clinical 
tr ial . However, as HAART represents the drug regimen of choice for all AIDS 
patients, such a trial is not feasible. I t is not likely that HAART is the panacea 
for AIDS-related PML, because PML may occur in patients effectively (undetect
able plasma HIV-1 RNA) treated with HAART, and because HAART may fail in 
patients with PML even when low plasma HIV-1 RNA levels are obtained.64-69-70 
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While in our patient with cytomegalovirus (CMV) meningoencephalitis the 
diagnosis was based on detection of immediate early antigens in the cerebrospi
nal fluid, nowadays PCR represents the diagnostic procedure for CNS infections 
caused by CMV. Both sensitivity and specificity are higher than 80%.71 Quan
titative PCR may be useful to monitor t reatment in CMV encephalitis.72 Two 
main forms of CMV meningoencephalitis are now recognized: microglial nodule 
encephalitis and ventriculoencephalitis.73 Our patient had the latter form. We 
were among the first to report on the potential usefulness of the combination 
of ganciclovir and foscarnet for CMV meningoencephalitis, which is now under 
evaluation in clinical trials.74 The effectiveness of t reatment of CMV meningoen
cephalitis is still unclear. Resolution of imaging and CSF abnormalities have 
been described in both our patient and others, but neurological improvement was 
often absent, or short-lived.75 However, anecdotal evidence for sustained neuro
logical improvement following combined foscarnet/ganciclovir t reatment exists.76 

CSF drug levels of foscarnet equal to, or higher than the IC.0 were achieved 
in most patients during steady state.77 Yet, CMV encephalitis may develop in 
patients on maintenance t reatment of foscarnet.71 Ganciclovir monotherapy was 
not effective for t reatment of CMV meningoencephalitis.74 Cidofovir is a new 
drug with anti-CMV activity that has been successfully used in one patient 
with CMV meningoencephalitis.78 Because CMV encephalitis is a rare disease, a 
declining incidence may not be easily demonstrated, but the incidence of other 
CMV disease has decreased since the introduction of HAART.79 

The prognosis in 8 patients with leptomeningeal metastasis of AIDS-related sys
temic non-Hodgkin's lymphoma (NHL) was extremely poor, with a mean sur
vival of only 5 weeks, despite intraventricular t reatment with methotrexate in 5 
of them. In recent years, improved palliative t reatment was seen in 11 patients 
treated with systemic chemotherapy, limited-field radiation therapy to regions 
of bulky or symptomatic disease, followed by intraventricular methotrexate. 
Median survival was 12 weeks (4-37 weeks).80 

Treatment of AIDS-related systemic NHL now often includes intrathecal CNS 
prophylaxis, antiretroviral therapy, and Pneumocystis carinii prophylaxis.81'86 In 
two recently published studies median survival of systemic NHL increased to 
13 months.8384 The effect of HAART on the incidence of AIDS-related NHL is 
still controversial. The incidence has risen in some reports, remained stable in 
others, and decreased in yet others.8792 It is not yet clear if the incidence of lep
tomeningeal metastasis will change due to these developments. 
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SUMMARY 

In chapter 1 a review is given of' the penetration of antiretroviral drugs into the 
CNS. The rationale of monitoring HIV-1 RNA in the CSF is explained. Pharma
cokinetic studies of antiretroviral drugs containing data on brain tissue penetra
tion, and CSF penetration in both animals and humans are summarized. Based 
on these data, recommendations are given on optimal antiretroviral drug treat
ment of the CNS. 

In chapter 2 a retrospective review of all patients with HIV-associated demen
tia (HIV dementia), diagnosed between 1982 and 1992 in the Academic Medical 
Center in Amsterdam, is presented. HIV dementia was diagnosed in 40 out of 
536 (7.5%) neurologically symptomatic HIV-1 infected individuals in CDC stage 
IV, and was the AIDS defining illness in six (1.1%). The mean CD4 cell count 
of these patients was 109 l\i\. Neuropsychological abnormalities in 15 out of 17 
patients tested were in accordance with subcortical dementia. CT scan of the 
brain showed no or only mild cortical atrophy in 70%. MRI scan demonstrated 
white matter abnormalities in 73%. CSF examination showed detectable HIV-1 
p24 antigen in 13/34 (38%). The mean survival for the whole group was 6.7 
months. However, mean survival in 20 patients who had never used zidovudine 
was 4 months compared to 14.8 months for 10 patients who started zidovudine 
after they were diagnosed with HIV dementia (p<0.001). Of these latter 10 
patients, 3 showed marked improvement lasting for 16, 24, and 32 months; 
2 additional patients showed slight improvement. Only one patient developed 
clinical signs and symptoms of HIV dementia while using zidovudine (600 mg 
daily). 

In chapter 3 the HIV-1 RNA response and drug concentrations in the cerebro
spinal fluid and serum during t reatment with ritonavir/saquinavir (RTV/SQV) or 
ritonavir/saquinavir plus stavudine (RTV/SQV/d4T) in 27 patients participating 
in an open label, randomized controlled trial is described. The median baseline 
serum and cerebrospinal fluid HIV-1 RNA concentrations were 4.81 and 3.21 
log10 copies/ml respectively. A significant difference in proportion of patients with 
a CSF HIV-1 RNA level below the lower limit of quantification was seen after 12 
weeks of treatment: 4/14 (29%) (RTV/SQV) versus 12/13 (92%) (RTV/SQVM4T) 
(p=0.001). Patients with an HIV-1 RNA level below the lower limit of quanti
fication in the cerebrospinal fluid at baseline remained below the lower limit 
of quantification, regardless of t reatment regimen. Treatment with RTV/SQV 
alone was the only independent predictor of a CSF HIV-1 RNA level above the 
lower limit of quantification at week 12 (p=0.005) in logistic regression analysis. 
CSF drug concentrations of RTV and SQV were below the lower limit of quanti
fication in most patients. 

In chapter 4 CSF levels of (32-microglobulin (b2m), monocyte chemotactic 
protein-1 (MCP-1), soluble tumor necrosis factor a receptors (sTNFRs), and 
HIV-1 RNA were determined in 16 neurologically asymptomatic HIV-1 infected 
patients before and 12 weeks after t reatment with lamivudine plus zidovudine or 
stavudine. B2m levels were significantly higher in patients (1.7 mg/1) compared 
with controls (0.8 mg/1) (p<0.001), and decreased to 1.1 mg/1 during treatment 
(p=0.001). MCP-1 levels were low, and did not change during treatment. Levels 
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of sTNFR type I were elevated in patients (0.92 ng/ml) compared to controls (0.30 
ng/ml) (p=0.03), but did not cha ige during treatment. Levels of sTNFR type II 
were below the limit of detection in most patients and controls. We concluded 
that CSF levels of b2m and HIV-1 RNA, but not sTNFRs or MCP-1, are candi
date surrogate markers of treatment efficacy in early CNS infection. 

In chapter 5 we evaluated CSF (and plasma) HIV-1 RNA and (^-microglobulin 
(b2m) response during treatment with a quintuple or sextuple drug regimen 
in 6 patients with primary HIV-1 infection. At baseline, CSF HIV-1 RNA was 
detectable (> 400 copies/ml) in five patients, CSF b2m was increased in three 
pat ients , and CSF leukocytes were increased in four patients. Eight weeks after 
the s ta r t of t reatment , CSF HIV-1 RNA had decreased from 3,68 (<2,60-5,67) 
to <2.60 (<1,60-3,00) log10 copies/ml (p=0.04), and plasma HIV-1 RNA from 5,46 
(4,40-5,97) to 3,07 (2,57-3,79) log1(| copies/ml (p=0.03). CSF b2m concentrations 
had decreased from 2,5 (0,9-5,5) to 1,2 (0,9-1,7) mg/1 (p=0.06), and plasma b2m 
from 2,6 (1,4-3,1) to 1,7 (1,1-2,2) mg/1 (p=0.03). In one patient, CSF HIV-1 RNA 
was still 1,97 log10 copies/ml (plasma 1,51 log10 copies/ml) after 48 weeks of treat
ment. We concluded that CSF HIV-1 RNA decline may be slow after therapy 
initiated during primary HIV-1 infection. 

In chapter 6 we assessed survival in AIDS related progressive multifocal leu-
koencephalopathy (PML), and the influence of cytarabine and antiretroviral 
therapy in a retrospective analysis of a consecutive series of 35 patients with 
AIDS-related PML seen in a 15-year period in the Academic Medical Center in 
Amsterdam. Treatment regimens consisted of highly active antiretroviral treat
ment (HAART) (n=7) or intravenous cytarabine (n=19), three of whom were 
treated with both. Median survival after diagnosis in the whole study group was 
88 days (range 18-1332 days). Patients with CD4 cell counts > 200 /ul tended to 
have increased median survival time (167 days versus 74 days) (p=0.06). Seven 
pat ients (20%) had prolonged survival (> 1 year). No conspicuous characteristics 
could be found in these patients. Cytarabine did not affect survival. Since 1996, 
cytarabine was no longer prescribed for this indication. Seven patients were 
treated with HAART, which did not significantly improve survival. Two of these 
pat ients had clinical and radiological improvement and are alive 486, and 1227 
days after diagnosis respectively. Both patients had improved immunologic and 
virologie parameters . We concluded tha t the prognosis of AIDS-related PML is 
still poor, with a median survival of three months, although HAART may change 
this. 

In chapter 7 a patient was described who presented with cytomegalovirus 
(CMV) meningoencephalitis while on ganciclovir maintenance treatment. Fol
lowing t rea tment with ganciclovir 5 mg/kg twice a day intravenously, and foscar-
net 60 mg/kg three times a day, his condition improved substantially. After 6 
weeks, doses of both were lowered. His condition deteriorated subsequently, and 
he died. 

In chapter 8 we described eight patients with leptomeningeal metastasis of 
AIDS-related systemic non-Hodgkin's lymphoma. These patients represented 
22% of all pat ients with AIDS-related systemic non-Hodgkin's lymphoma seen 
in the Academic Medical Center in Amsterdam from 1982-1992. In our patients, 
prognosis was extremely poor, with a mean survival of only five weeks, despite 
intraventricular administration of methotrexate in five of them. 
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SAMENVATTING 

In hoofdstuk 1 wordt een overzicht gegeven van de mate waarin antiretrovirale 
geneesmiddelen doordringen in het centraal zenuwstelsel. De rationale om de 
hoeveelheid HIV-1 RNA in de liquor cerebrospinalis (hierna 'liquor' genoemd) 
te meten en te volgen wordt nader uitgelegd. Verder wordt een samenvatting 
gegeven van pharmacologische studies waarin gegevens vermeld zijn over 
spiegels in het hersenweefsel en in de liquor, in proefdieren en mensen. Tot slot 
worden er aanbevelingen gedaan over de optimale antiretrovirale therapie voor 
het centraal zenuwstelsel. 

In hoofdstuk 2 wordt een onderzoek gepresenteerd over alle patiënten die 
gezien werden met AIDS dementie (HIV dementie) in het Academisch Medisch 
Centrum in Amsterdam tussen 1982 en 1992. De diagnose HIV dementie werd 
gesteld bij 40/536 (7.5%) met HIV-1 geïnfecteerde patiënten in CDC stadium IV 
met neurologische klachten, en was de AIDS-indicator ziekte bij zes (1.1%) van 
hen. Het gemiddelde aantal CD4+-T-lymfocyten van deze 40 patiënten was 109/ 
(j.1. Neuropsychologisch onderzoek werd verricht bij 17 van hen en toonde afwij
kingen passend bij een subcorticale dementie bij 15 (88%). De CT scan van de 
hersenen toonde bij 70% van de patiënten geen afwijkingen of enige atrofie. De 
MRI scan toonde veel vaker afwijkingen: witte stofafwijkingen waren zichtbaar 
bij 73%. Onderzoek van de liquor toonde HIV-1 p24 antigeen bij 13/34 (38%). De 
gemiddelde overleving van de hele groep patiënten was 6.7 maanden. Echter, de 
gemiddelde overleving van 20 patiënten die nooit zidovudine hadden gebruikt 
was 4 maanden, vergeleken met 14.8 maanden in de 10 patiënten die begonnen 
zijn met zidovudine na het stellen van de diagnose (p<0.001). Van deze laatste 10 
patiënten toonden 3 een duidelijke klinische verbetering en overleefden respec
tievelijk 16, 24, en 32 maanden; twee andere patiënten toonden enige klinische 
verbetering. Slechts één patiënt ontwikkelde HIV dementie tijdens het gebruik 
van zidovudine (dagdosis 600 mg), dat in mei 1987 in Nederland werd geïntro
duceerd. 

In hoofdstuk 3 wordt de respons van de hoeveelheid HIV-1 RNA in de liquor 
en het serum beschreven tijdens behandeling met twee proteaseremmers (riton
avir en saquinavir) en twee proteaseremmers met een nucleoside-reverse-tran-
scriptaseremmer (NRT-remmer) (ritonavir en saquinavir met stavudine) in 27 
patiënten die participeerden aan een open gerandomiseerde studie. De mediane 
uitgangswaarden voor hoeveelheid HIV-1 RNA in serum en liquor waren respec
tievelijk 4.81 en 3.21 log]0 kopieën/ml. Een significant verschillend percentage 
patiënten met een hoeveelheid HIV-1 RNA onder de detectiegrens in de liquor 
werd gezien na 12 weken behandeling: 4/14 (29%) (ritonavir en saquinavir) 
versus 12/13 (92%) (ritonavir, saquinavir en stavudine) (p=0.001). In patiënten 
die bij de start van de behandeling al een hoeveelheid HIV-1 RNA in de liquor 
onder de detectiegrens hadden bleef dit zo, ongeacht de wijze van behandeling. 
Behandeling met de combinatie ritonavir en saquinavir was de enige onafhan
kelijke voorspellende factor voor een detecteerbare hoeveelheid HIV-1 RNA in 
de liquor na 12 weken behandeling (p=0.005) in een logistische regressieana
lyse. Geneesmiddelspiegels van de protease-remmers in de liquor waren onder 
de detectiegrens in de meeste patiënten. 
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In hoofdstuk 4 werden de concentraties van (32-microglobuline (b2m), mono-
cyt-chemotactisch eiwit-type 1 MCP-1), en oplosbare tumor-necrosis factor-a 
receptoren (sTNFRs), en de hoeveelheid HIV-1 RNA gemeten in de liquor van 
16 met HIV-1 geïnfecteerde patiënten die geen neurologische verschijnselen 
hadden voorafgaande aan en na 12 weken behandeling met twee verschillende 
behandelingsschema's, beide bestaande uit twee NRT-remmers, nl lamivudine 
en zidovudine of lamivudine en stavudine. De concentraties van b2m in de liquor 
waren significant hoger (1.7 mg/l) in patiënten vergeleken met controles (0.8 
mg/l) (pO.001), en daalden tot 1.1 mg/l tijdens de behandeling (p=0.001). MCP-1 
concentraties waren al laag bij aanvang, en daalden niet verder tijdens de behan
deling. De concentratie van sTNFR type 1 was weliswaar hoger in patiënten 
(0.92 ng/ml) dan in controles (0.30 ng/ml) (p=0.03), maar veranderde niet tijdens 
de behandeling. De concentratie van sTNFR type 2 was bij zowel patiënten als 
controles meestal onder de detectiegrens. We concludeerden dat de concentratie 
van b2m in de liquor, naast de hoeveelheid HIV-1 RNA, een kandidaat 'merkstof 
is om het effect van behandeling te meten vroeg tijdens de HIV-1 infectie, als er 
nog geen neurologische verschijnselen zijn. 

In hoofdstuk 5 werd de liquor respons bepaald in 6 patiënten met een pri
maire HIV-infectie die binnen 4-6 weken star t ten met combinatie van 5 of 6 
antiretrovirale geneesmiddelen. Voor de behandeling was HIV-1 RNA detecteer
baar (>400 kopieën/ml) in vijf, (32 microglobuline (b2m) verhoogd in drie, en leu-
kocyten verhoogd in de liquor van vier patiënten. Acht weken na de start van 
de behandeling werd opnieuw liquordiagnostiek verricht. De hoeveelheid HIV-1 
RNA in liquor was gedaald van 3,68 (<2,60-5,67) naar <2,60 (<l,60-3,00) log10 

kopieën/ml (p=0.04), en in plasma van 5,46 (4,40-5,97) naar 3,07 (2,57-3,79) log10 

kopieën/ml (p=0.03). De concentratie van b2m in liquor was verlaagd van 2,5 
(0,9-5,5) naar 1,2 (0,9-1,7) mg/l (p=0.O6) en in plasma van 2,6 (1,4-3,1) naar 1,7 
(1,1-2,2) mg/l (p=0.03). In een patiënt was na 48 weken behandeling de hoeveel
heid HIV-1 RNA in liquor nog steeds 1,97 log10 kopieën/ml (plasma 1,51 log10 

kopieën/ml). 
In hoofdstuk 6 bepaalden we de duur van de mediane overleving in 'met 

HIV-1 samenhangende' progressieve multifocale leukoencephalopathie (PML), 
en de invloed hierop van twee soorten behandeling, namelijk cytarabine en 
een krachtige antiretrovirale combinatiebehandeling bestaande uit twee NRT-
remmers met een proteaseremmer (in de Angelsaksische l i teratuur 'HAART' 
genoemd) in een retrospectieve analyse van een opeenvolgende serie van 35 
patiënten met deze aandoening. Zeven patiënten werden behandeld met HAART, 
19 patiënten werden behandeld met cytarabine, en drie patiënten met allebei. 
De mediane overleving nadat de diagnose gesteld was, was voor de hele groep 
patiënten 88 dagen (spreiding: 18-1332 dagen). Patiënten met CD44 cellen > 
200/ul hadden een (niet-significante) langere overlevingsduur (167 dagen versus 
74 dagen (p=0.06)). Zeven patiënten (20%) hadden een overleving langer dan 
één jaar. Deze patiënten onderscheidden zich niet van de overige patiënten. 
Cyatarabine had geen gunstige invloed op de overleving, en wordt sinds 1996 
dan ook niet meer voor deze indicatie voorgeschreven. Zeven patiënten werden 
behandeld met HAART, wat de overleving evenmin significant beïnvloedde. Wel 
hadden twee patiënten die met HAART werden behandeld een opvallende kli-
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nische verbetering en zijn nog in leven respectievelijk 486 en 1227 dagen na het 
stellen van de diagnose. Beide patiënten hadden een verbetering van immunolo-
gische en virologische parameters. We concludeerden dat de prognose van 'met 
HIV-1 samenhangende' PML nog steeds somber is, met een mediane overleving 
na het stellen van de diagnose van slechts 3 maanden, hoewel dit mogelijk iets 
gunstiger wordt met HAART. 

In hoofdstuk 7 wordt een patiënt beschreven die een meningo-encefalitis 
ontwikkelde veroorzaakt door cytomegalovirus (CMV) tijdens een onderhoudsbe-
handeling met ganciclovir voor een doorgemaakte CMV-retinitis. Hij werd ver
volgens behandeld met een combinatie van ganciclovir (in een hogere dosis) en 
foscarnet, waarna zijn neurologische verschijnselen verbeterden. Na zes weken 
werden de doseringen van beide geneesmiddelen verlaagd, waarna een achter
uitgang optrad in de klinische toestand. Hij stierf uiteindelijk aan de gevolgen 
van CMV-meningo-encefalitis. 

In hoofdstuk 8 beschrijven we acht patiënten met een leptomeningeale 
metastasering van een 'met AIDS-samenhangend' non-Hodgkinlymfoom. Deze 
patiënten vertegenwoordigden 22% van alle patiënten die met deze laatste 
aandoening werden gezien in het Academisch Medisch Centrum in de periode 
1982-1992. De prognose was uiterst somber, met een gemiddelde overleving van 
slechts 5 weken, ondanks intraventriculaire toediening van methotrexaat via 
een Ommaya-reservoir (een subcutaan kunststof reservoir op de schedel dat via 
een slangetje in verbinding staat met de zijventrikel, en dat makkelijk is aan te 
prikken) bij 5 van hen. 
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DANKWOORD 

Achteraf bezien is het al bijna 10 jaar geleden dat ik een begin maakte met dit proef
schrift. Toen kon het plan om een arts-assistent neurologie aan te nemen speciaal voor 
de AIDS afdeling worden gerealiseerd dankzij de inspanningen wan professor dr Sven 
Danner en professor dr Joep Lange. Zo kwam ik terecht op een heel byzondere afdeling. 
De inzet voor de patiëntenzorg was groot, de verpleging uiterst betrokken, de patiënten 
memorabel, en er was zeer veel enthousiasme woor het doen van onderzoek. De consulta
tieve neurologie is zo mijn entree tot de neurologie geweest. In die eerste jaren op de 
AIDS afdeling heb ik mijn eerste artikelen geschreven op het gebied wan neuro-AIDS. 
Bij het schrijven hiervan heb ik meteen kennis gemaakt met de expertise en kritische 
geest van professor Joep Lange: zelfs artikelen die al gezien waren door alle auteurs 
bleken toch alt i jd weer zowel inhoudelijk als taalkundig te kunnen worden verbeterd. I k 
heb meteen de Schri j f- en Leestekenwijzer gekocht. Ondanks een te verwachten leer
proces, was het bij het laatste hoofdstuk van dit proefschrift niet veel anders 

Hoewel ik steeds had gedacht dat ik, als ik een opleidingsplaats neurologie zou krijgen, 
onderzoek zou kunnen blijven doen op de AIDS afdeling, werd hierover anders besloten. 
Een half jaar voordat ik mijn opleidingsplaats kreeg, stapte ik over naar de Nederlandse 
Bacteriële Meningitis Trial. Het onderzoek leek me aanvankelijk erg boeiend, maar de 
instroom wan patiënten verliep traag. Te traag. En na het t i jdel i jk stopzetten van de tr ial 
in 1996 was het vrijwel onmogelijk dat deze nog binnen de duur van mijn opleiding af 
zou komen. Na een veelbewogen zomer '97 gooide de AIDS afdeling in de persoon wan 
professor Joep Lange een reddingsboei uit. Ik kon verder gaan met mijn onderzoek op 
het gebied van neuro-AIDS. Sindsdien heb ik met hulp wan velen nog een aantal artikelen 
kunnen schrijven. Het proefschrift vormt een compilatie wan artikelen geschreven in de 
eerste periode (1991-1993) en de laatste (1997-2000). 

Een aantal mensen wil ik graag speciaal bedanken. 

Allereerst Jet Gisolf, dr Norbert Foudraine, dr Jan Prins, en dr Suzanne Jurriaans die 
bereid waren to t samenwerking in de periode 1997-2000, en zo de totstandkoming wan 
dit proefschrift mede mogelijk hebben gemaakt. Rianne Esselink, die als afstudeerstage 
koos voor neuro-AIDS, en '\n het kader hiervan heeft geholpen met hoofdstuk 8. Dr 
Richard Hoetelmans, dr David Burger, en Professor dr Jos Beijnen zonder wie hoofdstuk 
1 niet geschreven had kunnen worden. De inbreng wan Richard Hoetelmans was daarnaast 
zeer groot voor hoofdstuk 3. Verder wil ik noemen dr Peter Reiss die voorstelde om 
de patiënt uit hoofdstuk 7 'op te schrijven', dr Gerrit Jan Weverling die waardevolle 
bijdragen heeft geleverd aan de statistiek, dr Tom wan der Poll voor zijn bijdrage aan 
hoofdstuk 4 en Jeanette de Bruijn voor het bereikbaar houden wan mijn promotor. 

Mijn dank gaat ook uit naar mijn collega's dr Anneke wan der Kooi en dr Ton Lensing en 
mijn opleider klinische neurofysiologie Professor dr Bram Ongerboer de Visser die me 
op een belangrijk moment hebben gesteund, en naar Professor dr Jan Stam, onder wiens 
leiding ik neuroloog ben geworden en die me gebruik liet maken wan drie maanden 'W' 
periode in 1998. 

Professor dr Swen Danner, die een arts-assistentschap neuro-AIDS mogelijk maakte, en 
me heeft laten 'aanhaken' bij de Prometheus studie. 

Professor dr Joep Lange, die bereid was om mijn promotor te worden, waarvoor ik hem 
zeer erkentelijk ben, en van wiens inhoudelijke commentaar en adviezen ik alti jd dank-
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baar gebruik heb gemaakt. Het werkt heel prettig om een inspirerende promotor te 
hebben die bovendien zo goed op de hoogte is van alles wat er al gepubliceerd is, en bin
nenkort gepubliceerd gaat worden. 

Dr Peter Portegies, die mijn brief uit de stapel trok toen hij een arts-assistent zocht 
voor de AIDS-afdeling, me een groot deel van de (HIV-1 gerelateerde) neurologie heeft 
bijgebracht, en als co-promotor een belangrijke bijdrage heeft geleverd aan dit proef
schrif t . 

Mijn paranimfen Albert-Jan Enting en Sheila Karwal wil ik bedanken voor de bemoedi
gende woorden op de juiste momenten. Als laatste wil ik mijn ouders bedanken, die me 
al die jaren hebben gesteund, en ondanks de afstand op vele momenten praktische hulp 
hebben geboden. 

Roelien 
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