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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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