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Stellingen behorende bij 

het proefschrift 

"Tangible effects of antiretroviral therapy in 

HIV-1 infected patients" 



1. Gezien de grotere stijging van het aantal CD4+ cellen in niet eerder behandelde 
patiënten met een HIV-1 infectie, verdient het voorkeur therapie te initiëren 
met de combinatie van stavudine met lamivudine boven de combinatie 
zidovudine met lamivudine. 
Dit proefschrift. 

2. Indien gedurende antiretrovirale therapie genotypische resistentie tegen 3TC is 
aangetoond, verdient het overweging om 3TC niet te vervangen gezien de 
persisterende bijdrage van dit middel aan het vertragen van virologisch falen 
van de nieuwe antiretrovirale combinatie. 
Dit proefschrift. 

3. Omdat zowel stavudine als lamivudine goed doordringen in de liquor 
cerebrospinalis en resulteren in een reductie van HIV-1 RNA in dat medium, 
valt het te verwachten dat een combinatie van deze middelen een preventief 
effect zal hebben op de ontwikkeling van AIDS-gerelateerde dementie. 
Dit proefschrift. 

4. Er is geen correlatie tussen de hoeveelheid HIV-1 RNA in de liquor 
cerebrospinalis en in het plasma. Dit pleit voor een onafhankelijke virus 
productie in het centraal zenuwstelsel ten opzichte van die in het perifere 
bloed. 
Dit proefschrift. 

5. Het starten van krachtige antiretrovirale therapie kan leiden tot het klinisch 
manifest worden van een latent aanwezige opportunistische infectie. 
Dit proefschrift. 

6. Krachtige antiretrovirale therapie kan in een aantal gevallen leiden tot genezing 
van opportunistische aandoeningen waarvoor geen adequate specifieke 
behandeling voorhanden is. 
Dit proefschrift. 

7. Toeristen (en honden) die zich buiten de aangewezen paden begeven richten 
veel natuurschade aan. Ter bescherming van het unieke natuurgebied "De 
Veluwe" verdient dan ook ruime uitzetting van de Vipera berus (adder) 
ernstige overweging. 

8. Indien de wereld een "global village" is, is "Artsen zonder Grenzen" de 
huisarts. 



9. De buiten, vaak prominent aanwezige, moeilijk te identificeren objecten die 
het predicaat kunst dragen, zijn eerder een oorzaak dan een gevolg van het 
hedendaagse cultuurpessimisme. 

10. De schaarste aan organen voor transplantatie zou verminderd kunnen worden 
door hen die niet bereid zijn organen voor donatie af te staan uit te sluiten van 
het ontvangen ervan. 

11. Gezien het curriculum vitae van de meeste huidige ministers, zijn gebrek aan 
vakinhoudelijke kennis en het laten prevaleren van eigenbelang onvoldoende 
redenen om kinderen van ministersposten uit te sluiten. 

12. Het weigeren van een DNA-test in strafrechtelijke zaken zou een even grote 
bewijskracht moeten hebben als een positieve uitslag van de test. 

13. Intensive care units give too much, too late to too few. 
(W.C.Shoemaker, N Engl J Med 1996:334;799) 

14. De NS: No Show, No Seats, No Service and No Speed. 

Norbert Foudraine, 2 juli 1999 
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Chapter 1 

"Introduction and outline of this thesis" 





Introduction 

1. A short history of antiretroviral therapy 

Zidovudine (3'-azido-2', 3' dideoxythymidine, ZDV), the first approved drug against 

HIV-1 infection, was discovered in 1964 (1) in the search for anti-cancer agents. It 

was shown to inhibit HIV-1 reverse transcriptase in vitro in 1986 (2), soon after the 

identification of HIV as the etiologic agent of the acquired immunodeficiency 

syndrome (AIDS). Shortly thereafter its antiviral effect in vivo was evaluated and 

confirmed in a phase I clinical trial (3). 

Following the introduction of ZDV, an increasing number of other nucleoside 

analogue reverse transcriptase inhibitors (NRTI's) has become available. Five 

NRTI's, ZDV, didanosine (ddl), zalcitabine (ddC), lamivudine (3TC) and stavudine 

(d4T) have now been approved for the treatment of HIV-1 infection in the 

Netherlands, and a sixth, abacavir, is expected to be licensed in the near future. All 

nucleoside analogues reduce HIV replication, both by direct inhibition of the virally 

encoded reverse transcriptase (RT) and by competing with natural nucleotides for 

incorporation into the growing HIV-DNA chain, resulting in termination of proviral 

DNA chain elongation (4). 

Monotherapy with ZDV did not result in sustained suppression of virus replication or 

sustained rises of CD4' lymphocyte counts, and provided only transient clinical 

benefit (3,5-19). These disappointing results with antiretroviral monotherapy and the 

increasing recognition of the emergence of viral drug resistance with various agents 

used as monotherapy, led to evaluating dual combinations of NRTI's which in general 

were found to be superior to monotherapy (11,14,16,20-28). After the results of two 

pivotal clinical endpoint trials, the Delta study and the AIDS Clinical Trials Group 

(ACTG) 175 study, were released in 1995 dual NRTI therapy became the standard of 

care for the treatment of HIV-1 infection (24,25). Both trials demonstrated significant 

reductions in HIV-1 disease progression and mortality both for the combination of 

ZDV plus ddl and ZDV plus ddC as compared with ZDV monotherapy, particularly 

in previously untreated (antiretroviral naive) patients, with less pronounced effects in 

those who had received prior ZDV. In that period a second class of antiretroviral 

agents, non-nucleoside RT inhibitors (NNRTI's), became available. They potently 

inhibit the viral RT by altering the position of critical amino acids within the 

enzyme's catalytic site (29). Introduction to clinical practice of these agents was 

initially hampered by the rapid development of resistance (30-32), but when used as a 

part of combination regimens these intrinsically potent drugs have shown to remain 
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efficacious in suppressing viral replication (33,34) and they are now commonly used 

in combination regimens. In 1996, a third class of potent antiretroviral drugs, protease 

inhibitors (Pi's), was introduced in daily practice. Protease inhibitors target the HIV-1 

encoded protease. This enzyme is involved in the cleavage of several viral protein 

precursors into smaller structural proteins, allowing the production of new infectious 

virions. Currently, four Pi's have been licensed: indinavir, saquinavir, ritonavir and 

nelfinavir, and a few other Pi's are expected to be licensed in the near future. 

The introduction of new classes of potent antiviral drugs in combination with the 

possibility to measure plasma HIV-1 RNA levels has provided important insight into 

the dynamics of HIV-1 infection, revealing that even during the clinically latent stage 

of infection, continued massive viral replication occurs. The number of viruses 

produced daily amounts to ± 1x10s - lxlO10 (35-37). It has been calculated that free 

virions have a half-life of less than six hours and infected CD4+ cells of two days 

(35,36). This high level of viral replication drives a continuous direct and indirect 

destructive effect on the immune system. Given these findings, it is understandable 

that guidelines concerning the time to start antiretroviral therapy (which were 

previously based on the CD4+ cell count, or on clinical symptomatology) have shifted 

towards starting treatment earlier, at a time when the immune system is still relatively 

preserved. In addition, the results from various clinical trials have demonstrated that 

the expected clinical benefit of antiretroviral therapy is associated with the degree of 

treatment-induced reduction in plasma HIV-1 RNA levels (38,39). As a result, the 

measurement of plasma HIV-1 RNA has become the primary guide both for initiating 

and monitoring the effect of antiretroviral therapy. 

The current primary aim of antiretroviral therapy is to suppress plasma HIV-1 RNA 

levels as much as possible and for as long as possible. As assays for measuring HIV-1 

RNA became increasingly sensitive, it was demonstrated that the nadir of plasma 

HIV-1-RNA achieved following the start of antiretroviral therapy was strongly 

correlated with the duration of viral suppression (40,41) and with the improvement in 

clinical outcome (33,38,42-47). 

The studies described in this thesis were designed during the transitional period 

shortly before Pi's became available on a larger scale and became the standard of care 

for the treatment of HIV infection. 
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Introduction 

2. Background of the studies described in this thesis 
2.1 Issues concerning the optimal NRTI backbone in antiretroviral combination 

regimens 

2.1.1 A comparative study ofZDV/3TC versus d4T/3TC 

The combination of ZDV and lamivudine (3TC) in particular became a first choice 

NRTI combination treatment, as it was found to be potent and very well tolerated 

(21,23,27,48-50). Moreover, 3TC was discovered to have the ability to partially 

prevent and suppress pre-existing resistance to ZDV (51,52). 

Although adding 3TC to ZDV in ZDV-experienced patients may result in reversal of 

ZDV resistance (53), there is no scientific evidence supporting this particular NRTI 

combination as the first choice for treatment of antiretroviral naive individuals. 

Furthermore, the toxicity and tolerability profile of ZDV may not allow for its use in 

every HIV-1 infected patient (54-56). Therefore, the investigation of potential 

alternative NRTI combination regimens not involving ZDV was a logical and useful 

approach. Stavudine (d4T), another NRTI, was found to be an attractive candidate to 

serve as an alternative for ZDV because of its ease of administration and its well 

demonstrated efficacy in clinical trials (57-63). In addition the combination of d4T 

plus 3TC was increasingly being used in routine clinical practice in the absence of 

clinical trial data. Like ZDV d4T is a thymidine analogue (mainly phosphorylated in 

activated cells) and it has a favourable resistance and toxicity profile. The 

combination of ZDV plus d4T is antagonistic due to competition at the level of the 

intracellular phosphorylation to the active triphosphate moieties of each component 

(64,65). 

In Chapter 2 we describe the findings of the first randomised comparison in HIV-1 

infected patients who previously had never been treated with antiretroviral drugs. At 

the time this trial began, Pi's were just becoming available for use in clinical practice. 

This was taken into account by allowing the addition of the protease inhibitor 

indinavir to both double nucleoside combinations after the initial 12 weeks of 

treatment, if the plasma HIV-1 RNA level was found to be insufficiently suppressed 

by the double NRTI regimen. 
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2.1.2 The effect of antiretroviral therapy on H1V-1 RNA in the cerebrospinal fluid 

(CSF) 

HIV-1 rapidly enters the CNS during primary infection (66,67) and, if left untreated, 

may result in AIDS dementia complex (ADC) in as many as 5-15% of patients (68-

71). 

As peripheral blood only harbours 2% of the total virus load in the body, it is not self-

evident that accomplishment of adequate suppression in the blood by definition 

coincides with a similar reduction of virus replication in other compartments of the 

body such as the central nervous system (CNS) and the lymphoid tissues. The CNS, 

which is naturally protected by the blood-brain, brain-CSF and the blood-CSF barriers 

(72), is considered an important sanctuary site where HIV-1 may persist, in spite of 

successful control of virus replication in blood. 

The pathogenic interplay between HIV-1, the immune system and the brain in leading 

to CNS pathology remains enigmatic. Since brain specimens are seldom available 

during life most information stems from post-mortem studies (73-75). It has been 

demonstrated that the level of viral load in the brain per se does not fully explain the 

syndrome of ADC (74); multiple interactions between immune system cells, 

microglial cells and neurones may contribute to the pathogenesis of ADC. Although 

in patients with ADC a correlation has been found between the concentration of HIV-

1 RNA in the CSF and the severity of their symptoms (76-81), high concentrations of 

HIV-1 RNA in the CSF are not found in all demented patients (79). Furthermore, CSF 

abnormalities like elevated HIV-1 RNA levels and increased cellular and protein 

content can also be found in neurologically asymptomatic HIV-1 infected patients 

(82-85), with uncertain clinical significance. Although the pathogenesis of ADC is 

unclear, therapy with ZDV has been shown to prevent ADC in a significant number of 

patients (86,87). It was surmised that the high level of penetration of this lipophilic 

agent into the CSF could explain this beneficial effect (88-90). This was considered 

an important property of ZDV, and resulted in the therapeutic guideline to always 

include ZDV as a component of antiretroviral drug regimens (91). However, 

intolerance or resistance to AZT make it necessary to investigate alternative drug 

regimens which may also have a prophylactic or therapeutic effect on ADC. 

For this reason, as part of the comparative trial described in Chapter 2, we 

investigated the penetration into the CSF not only of ZDV, but also of 3TC and d4T, 
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and studied the effect of these both study drug regimens in reducing CSF HIV-1 RNA 

levels. The results of these investigations are described in Chapter 3. 

2.1.3 A long-term follow-up of a comparative study ofZDV/3TC versus d4T/3TC: 72 

week results 

First generation HIV-1 RNA PCR-based assays had lower detection limits of around 

1000-3000 copies (c)/mL, and were followed by second generation assays which are 

generally able to reliably measure HIV-1 RNA concentrations as low as 200-500 

c/mL. Recently, so-called ultrasensitive assays have become available with lower 

limits of detection of 5-50 c/mL. It has been suggested that only suppression of 

plasma HIV-1 RNA to levels below the detection limit of ultrasensitive assays will 

result in a sustained suppression of HIV-1 replication (41). 

In Chapter 4 we describe the magnitude and duration of plasma and CSF HIV-1 RNA 

suppression as measured by an ultrasensitive assay, using stored samples from 

participants of the trial comparing ZDV/3TC versus d4T/3TC (see Chapter 2 and 3), 

after 72 weeks of follow-up. Nowadays, the sequential addition of indinavir to the two 

NRTI's would be considered a suboptimal approach. Therefore, it was particularly 

important to measure the effects of this strategy by the use of an ultrasensitive HIV-1 

RNA assay, in order to be able to demonstrate whether this approach indeed had 

resulted in lesser degrees of plasma HIV-1 RNA suppression over the longer-term, 

than the reduction of plasma HIV-1 RNA achieved in other trials in which patients 

had been treated with triple drug regimens from the outset. 

Moreover, as part of the neurologic substudy a lumbar puncture had also been 

performed at week 48. HIV-1 RNA levels in CSF from week 12 and 48 samples were 

reanalysed by using an ultrasensitive HIV-1 RNA assay and indinavir concentrations 

in the CSF were measured at week 48. 

2.2 Antiretroviral therapy and opportunistic infections 

2.2.7 Clinically relevant beneficial effects of antiretroviral therapy-associated 

immune recovery 

By dysregulating cells that are involved in immunologic defences, (predominantly 

CD4+ lymphocytes), infection with HIV-1 leads to a progressive deterioration of most 
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immune functions. Infected CD4+ cells in blood are reduced in number as a result of 

various mechanisms which may include decreased renewal (92), trapping into the 

lymph nodes (93) and increased cell death (94-96). CD4+ lymphocytes may die 

because of direct HIV-1 related cytopathic effects and cytotoxic responses of CD8^ 

cells but also by the induction of apoptosis (96,97). 

Within the CD4+ and CD8+ T-lymphocyte population in HIV-uninfected persons, 

subsets of memory and naive cells can be found in equal proportions. Memory cells 

represent the part of the T-cell repertoire that has been activated by exposure to a 

recall antigen. T-cell defence against previously encountered opportunistic pathogens 

therefore is believed to reside primarily within this subset of lymphocytes. Naive T-

cells bear the potential to generate immune responses to newly encountered antigens 

and may evolve to memory T-cells thereafter. Apart from the quantitative loss of 

immunoreactive T-cells, qualitative T-cell responses to new or recall antigens have 

also been found to be decreased already in the early stages of HIV-1 infection (98-

101). Beside the decreased number and function of CD4+ lymphocytes, impaired 

functions of other cell types involved in the immune system like those of antigen-

presenting cells and natural killer cells, can also be found (102). It is clear that 

multiple mechanisms contribute to failure of the immune response in progression to 

AIDS. It is hypothesised that a decrease of lymphocytes with specific reactivity 

against certain antigens may lead to a gap in the immune repertoire (103,104), and 

loss of host defence against some frequently encountered opportunistic pathogens like 

Mycobacterium avium, Pneumocystis carinii and Toxoplasma gondii. In general, most 

opportunistic diseases are related to a specific stage of HIV induced 

immunodeficiency related to the number of CD4+ cells in the peripheral blood 

(105,106). Diarrhoea is frequently observed when CD4+ cell counts have dropped to 

below 50 cells/uL. If the diarrhoea is caused by infection with Enterocytozoon 

bieneusi or Cryptosporidium parvum effective therapy is not available. 

Potent antiretroviral combination therapy has been demonstrated to result early on in 

strong rises of CD4+ lymphocytes, mainly of the memory phenotype, followed by a 

lesser and more protracted rise in cells of the naive phenotype (107). For this reason 

we investigated the effect of treatment with the protease inhibitor indinavir on chronic 

intractable diarrhoea of unknown aetiology or caused by infection with 

Cryptosporidium or the microsporidian E. bieneusi. The results of this study are 

presented in Chapter 5. 
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2.2.2 Antiretroviral therapy-associated immunopathologic effects of immune 

reconstitution 

Following the introduction of highly active antiretroviral therapy (HAART), we began 

to observe unusual clinical presentations of what turned out to be mycobacterial 

infection occurring within weeks to a few months after patients started HAART. 

Unlike what was expected, these clinical syndromes often coincided with impressive 

rises of CD4" cell counts. Similar anecdotal cases were described subsequently for 

presentation of CMV-vitritis, viral hepatitis and mycobacterial lymphadenitis (108-

113). 

Functional improvement of immunity, due to the recovery of the inflammatory 

response, will result in immunopathology in cases where the antigenic load of the 

antigen has become relatively high during the immunocompromised, pre-HAART, 

period. 

To assess whether specific antimycobacterial cytotoxicity had increased with HAART, 

in vitro T-cell proliferation studies were performed using stored peripheral blood 

mononuclear cells samples from patients who had presented with unusual signs and 

symptoms of a mycobacterial infection shortly after commencing HAART. 

The clinical case histories of these patients and the results of the in vitro experiments are 

described in Chapter 6. 
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Summary 

The objective of this study was to compare the antiretroviral effect and safety of 

zidovudine (ZDV)-lamivudine (3TC) with that ofstavudine (d4T)-3TC. 

In an open randomized controlled trial antiretroviral therapy-naive patients who had 

CD4 counts > 200x10'VI and plasma HIV RNA load > 10 000 copies/ml were 

randomized to receive ZDV-3TC (200 mg three times daily and 150 mg twice, 

respectively) or d4T-3TC (40 mg and 150 mg, both twice daily). If the plasma HIV 

RNA level at week 8 or thereafter was > 500 copies/ml, indinavir was added at the 

next scheduled visit. Genotypic resistance analysis of the reverse transcriptase gene 

was performed at week 0 and 12. Results over 24 weeks are reported. Forty-seven 

patients were treated (24 took ZDV-3TC; 23 took d4T-3TC). Plasma HIV RNA levels 

decreased from median 4.80 to 3.15 log m copies/ml (ZDV-3TC, P < 0.0001) and from 

4.98 to 3.03 log m copies/ml (d4T-3TC, P < 0.0001) after 12 weeks of treatment. 

Indinavir was added at week 12 in 11 out of 21 patients with ZDV-3TC and 10 out of 

22 patients with d4T-3TC. Median virus load at week 24 was 2.41 logU) and 2.29 logl0 

copies/ml (P = 0.14), respectively. Seventy five percent (15 out of 20; ZDV-3TC) and 

95% (18 out of 19; d4T-3TC) of patients had a virus load < 500 copies/ml. Genomic 

evidence for 3TC resistance was found in all patients tested (11/11 ZDV-3TC and 

12/12 d4T-3TC). At week 12 CD4 cell counts had increased with a median of 110 x 

lO'Vl in the ZDV-3TC group (baseline, 315 x 106/l) and a median of 115 x 106/l in the 

d4T-3TC group (baseline 290 x 10 /I). At week 24, the median increases were 90 and 

120 x 10 /I, respectively. Overall the increase of CD4 cells was higher in the d4T-

3TCgroup (p= 0.02). 

We conclude that d4T-3TC is at least as effective as ZDV-3TC, but 3TC resistance 

emerged in all patients investigated. The virologie response of the dual nucleoside 

combination is of short duration. However, after addition of indinavir the virus load 

could be reduced to < 500 copies/ml in the majority of patients. The increase in CD4 

cell count was significantly greater in the d4T-3TC group. To prevent 3TC resistance, 

the drug should not be used in regimens containing only two nucleosides, irrespective 

the virus load at baseline. 
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Introduction 

The combination of zidovudine (ZDV) and lamivudine (3TC) is currently considered 

to be a first choice nucleoside analogue combination in antiretroviral regimens 

because of drug synergism, non-overlapping toxicity profiles and lack of cross-

resistance. The effectiveness of this combination has been proven in large clinical 

trials in both naive and pre-treated patients [1-6]. Moreover, 3TC may have the ability 

to prevent and suppress pre-existing resistance to ZDV [7,8]. Although the reversal of 

ZDV-resistance may allow for the continuation of ZDV in 3TC-containing multidrug 

regimens [9], it is warranted to study the utility of 3TC in combination with 

nucleoside analogues other than ZDV. The toxicity and the tolerability profile of ZDV 

may not allow for its use in every HIV-infected patient [10,11], and it is therefore 

mandatory to identify potential alternative regimens for such patients. 

Its predictable pharmacokinetics, ease of administration, resistance pattern, 

tolerability and toxicity profile, clinical efficacy [12] and penetration into the 

cerebrospinal fluid (CSF) [13], make stavudine (d4T) an attractive candidate as an 

alternative to ZDV in 3TC-containing regimens. The combination of d4T-3TC is 

already used in daily practice, although a randomized controlled trial of ZDV-3TC 

with d4T-3TC has not yet been reported. 

We investigated whether d4T-3TC was as effective and as safe as ZDV-3TC in 

improving virological and immunological parameters. Because protease inhibitors 

became available at the start of the study, patients with a plasma HIV RNA level of > 

500 copies/ml after 8 weeks of treatment or thereafter were offered indinavir in 

addition to the double nucleoside regimen. 

Patients and methods 

In an open randomized controlled trial, the effectiveness and safety of the 

combination of ZDV 200 mg three times daily plus 3TC 150 mg twice daily (ZDV-

3TC group) versus d4T 40 mg (30 mg if body weight < 60 kg) twice daily plus 3TC 

150 mg twice daily (d4T-3TC group) were compared in antiretroviral therapy-naive 

HIV-1 infected patients. 
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All patients were participants of the Amsterdam Cohort Study on HIV Infection and 

AIDS. Inclusion criteria for this study were as follows: CD4"f cell lymphocyte count > 

200 x 106/1 plasma HIV RNA level > 10 000 copies/ml, haemoglobin > 9.0 g/dl, 

platelets > 75 x 109/1, absolute neutrophil count > 1 x 109/l, aspertate 

aminotransferase, alanine aminotransferase and alkaline phosphatase < 5 times the 

upper limit of normal (ULN), plasma creatinine < 1.5 times ULN and total plasma 

lipase ^ 1.4 ULN. Exclusion criteria were as follows: use of any immune-modulating 

drugs 1 month prior to initial study drug dosing, acute or ongoing AIDS-defining 

opportunistic disease, pregnancy or breast feeding, peripheral neuropathy of at least 

grade 2 (modified World Health Organization criteria), a history of pancreatitis, 

chronic alcohol use, and previous use of myelosuppressive, neurotoxic, pancreatoxic, 

hepatotoxic or cytotoxic drugs within 3 months of enrolment. After fulfilling all 

inclusion and none of the exclusion criteria, the patients were randomized to receive 

either ZDV-3TC or d4T-3TC. Subsequent visits after the start of therapy were 

scheduled for weeks 2, 4, and 4-weekly thereafter until week 24. At each visit a 

complete physical examination was performed and blood was taken for virologie and 

immunologic assays and for routine safety laboratory parameters. 

If the plasma HIV RNA level at week 8 or thereafter was above 500 copies/ml, the 

protease inhibitor indinavir (800 mg three times daily) was added to the nucleoside 

combination therapy at the next scheduled visit (week 12). When the plasma HIV 

RNA level was found to be < to 500 copies/ml, no protease inhibitor was added. 

However, patients were allowed to start indinavir at week 12 or thereafter on request. 

This evaluation was repeated every four weeks from week 8 until week 24. 

Plasma HIV RNA levels were measured by using a commercial PCR-based assay with 

a variable lower limit of detection (Amplicor HIV Monitor Test, Roche Diagnostic 

Systems Inc., Branchburg, New Jersey, USA). For plasma HIV RNA levels below the 

detection limit this value was set as 500 copies/ml. Syncytium-inducing (SI) capacity 

of HIV-1 [14] and sequencing of the reverse transcriptase (RT) gene was performed at 

baseline and at week 24 and 12, respectively in patients with a detectable virus load 

according to previously described methods [15]. Enumeration of CD4T and CD8^ T-

cell lymphocytes was accomplished by flow cytometry using dual staining techniques. 

The study was approved by the local medical ethical committee and all patients gave 

their written informed consent. 
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Statistical analysis 

In the analysis of quantitative data, Student's unpaired t-test was used to compare the 

study groups with regard to variables with a normal distribution, and the Mann-

Whitney U-test was used for variables with a non-normal distribution. A paired t-test 

was used to test changes from baseline. Data are given as means and SD, medians and 

the interquartile range (IQR), or as proportions and 95% confidence intervals (CI). 

Logio transformation was performed on HIV RNA copy number. 

The primary measures of antiretroviral drug activity were changes in both HIV RNA 

levels and CD4+ cell counts. The efficacy analysis of this study was divided into two 

parts: (i) overall comparison (with comparison up to week 12 in particular), and (ii) 

the comparison in which the start of indinavir was taken as timepoint zero. The 

overall difference between the two groups was tested with an analysis of repeated 

measures, using the ProcMixed procedure of the SAS software package (version 6.12; 

SAS institute, Cary, North Carolina, USA) with adjustment for the baseline value of 

the parameter tested. Kaplan-Meier plots were made to compare the moment at which 

the HIV RNA level was above 500 copies/ml amongst the two randomized groups. 

Although the observation of therapy failure is not a continuous process, the use of 

Kaplan-Meier plots is a valid method to illustrate therapy failure, since censoring for 

those who discontinued the study was taken into account. 

Results 

Patients 
The study was designed to include 84 patients, but enrolment had stopped 

prematurely because of the observed frequency of 3TC resistance, even in patients 

with a relatively low baseline plasma HIV RNA level. Results of the study after the 

first 24 weeks of follow-up are presented. Forty-nine patients were randomized, but 

two patients were excluded because of an inclusion error (one had used ZDV before, 

and one patient had a viral load below the inclusion threshold). Forty-seven patients 

have been randomized to receive 3TC either in combination with ZDV (n=24) or d4T 

(n=23). The baseline characteristics of the 47 patients are presented in Table 1. 
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Patients from both treatment arms were comparable for age, baseline CD4+ and CD8+ 

lymphocyte count, and plasma HIV RNA level. 

Two patients withdrew from the study after randomisation but before the start of 

treatment (one in each study arm). Six patients withdrew during follow-up; three of 

them wanted to use antiretroviral drugs which were incompatible with the study 

protocol (at weeks 4,12,16, respectively), and three patients (two ZDV-3TC, one d4T-

3TC) because of persistent severe side effects (at weeks 10, 21 and 16, respectively). 

Thirty nine patients (20 ZDV-3TC, 19 d4T-3TC) completed 24 weeks of study. All 

but one were homosexual men. 

Virological data 

Changes in plasma HIV RNA levels are shown in Fig. 1A for both treatment groups. 

Median plasma HIV RNA levels at baseline were 4.80 log10 copies/ml (IQR, 4.44-

5.02 logio copies/ml) and 4.98 logio copies/ml (IQR, 4.32-5.34 log10 copies/ml) in the 

ZDV-3TC and d4T-3TC groups, respectively. Within the first 12 weeks, the most 

profound median plasma HIV RNA reduction was found at week 8 [ZDV-3TC, -1.94 

logio copies/ml, IQR, -1.48 to -2.19 log10 copies/ml); d4T-3TC, -2.11 log,0 copies/ml, 

Table 1 : Characteristics at baseline from patients who were randomized to zidovudine (ZDV)-lamivudine (3TC) 

or stavudine (d4T)-3TC. 

Characteristic ZDV-3TC d4T-3TC 

No. Patients 24 23 

Median (range) age (years) 38 (24-52) 38 (27-64) 

Median (IQR) weight (kg) 72 (69-78) 75(71-84) 

Median (IQR) cell count (x lO'Vl) 

CD4" 315(210-410) 290 (240-440) 

CD8+ 960(730-1230) 1040(820-1290) 

Median (IQR) plasma HI V-l RNA 

(logio copies/ml) 4.80(4.44-5.02) 4.98 (4.32-5.34) 

HIV phenotype SI/NSI 5/19 3/20 

IQR. Interquartile range; SI. syncytium-inducing; NSI. non-syncytium inducing. 
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Figure 1 

A] Plasma HIV RNA concentration (login copies/ml) compared with baseline during 24 weeks of treatment. 

From week 12, indinavir was added if plasma HIV RNA at week 8 or thereafter was above 500 copies/ml. 

B] CD4" cell count (x lOVl) compared with baseline in patients treated with zidovudine - lamivudine (3TC) or 

stavudine -3TC during 24 weeks of treatment. From week 12, indinavir was added if plasma HIV RNA at week 

or thereafter was above 500 copies/ml. 
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IQR, -1.64 to -2.66 logio copies/ml)], after which an increase of the plasma HIV RNA 

concentration was observed in the majority of patients. At week 12, plasma HIV RNA 

levels had changed from baseline by -1.53 logio copies/ml (IQR, -1.70 to -1.38 log10 

copies/ml, PO.0001) and -1.65 log10 copies/ml (IQR, -2.09 to -1.24 Iog,0 copies/ml; 

PO.0001) for ZDV-3TC and d4T-3TC groups, respectively. Plasma HIV RNA levels 

did not differ statistically significantly between the treatment groups during the first 

12 weeks. After 8 and 12 weeks of treatment with ZDV-3TC, the proportion of 

patients in the ZDV-3TC group with a plasma HIV RNA level below 500 copies/ml 

was 45% (95% CI, 24-70) and 14% (CI, 3-36), respectively. The proportion of 

patients of the d4T-3TC group at these timepoints with a plasma HIV RNA level 

below 500 copies/ml was 55% (95% CI, 32-76) and 32% (95% CI, 14-55), 

respectively. These values were not statistically significant when both groups were 

compared. 

After 24 weeks, 19 (95%) out of 20 of the patients from the ZDV-3TC and 15 (79%) 

out of 19 patients from the d4T-3TC group used indinavir (P=0.18; two patients on 

their own request, 32 because of therapy failure). Of the five patients who did not use 

a protease inhibitor, three (d4T-3TC) had undetectable virus load. Median HIV RNA 

levels at week 24 were 2.41 logio copies/ml (IQR, 2.24- 2.72 logio copies/ml) in the 

ZDV-3TC group and 2.29 logio copies/ml (IQR, 2.17- 2.45 logio copies/ml) in the 

d4T-3TC group. 

HIV-l phenotype and drug resistance 

Analysing the HIV-l phenotype revealed that nine patients (five ZDV-3TC, four d4T-

3TC) had the SI HIV phenotype at baseline, and four of them (three ZDV-3TC, one 

d4T-3TC) returned to the non-SI (NSI) phenotype after 24 weeks of therapy. The 

virus load at baseline, 12 and 24 weeks was comparable in patients with the SI and 

NSI phenotype. 

All patients analysed at week 12 (n=23; 12 ZDV-3TC, 11 d4T-3TC) showed the 

M-»V mutation at codon 184 in HIV-l RT, except for one who showed the M->I 

mutation at this codon, associated with a > 100-fold decreased sensitivity to 3TC. In 

none of these patients had the mutation been detected at baseline. Moreover, in none 

of the patients was a mutation associated with ZDV resistance (codons 41, 67, 210, 

215 or 219) or d4T resistance (codon 75) found after 12 weeks of treatment. 3TC 

resistance appeared in patients with a baseline plasma HIV RNA concentration in the 
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lower quartile (10 000-45 000 copies/ml) as well as in patients who started with a 

higher baseline plasma HIV RNA level. This nearly universal rapid development of 

3TC resistance prompted us to terminate the study prematurely. 

Immunological data 

At baseline, the CD4+ lymphocyte count of both treatment groups (median, 315 x 

106/1 for ZDV-3TC) and 290 x 106/1 for d4T-3TC) were comparable. CD4r cells 

increased statistically significantly (p < 0.001 for both groups) when compared with 

baseline values after 12 weeks in both treatment arms with a median of 110 x 10/1 

(1QR, 20-150 x 106/1) in the ZDV-3TC group, and 115 x 106/1 (1QR, 50-190 x 106/l)in 

the d4T-3TC group. The CD4+ cell count was consistently higher in patients treated 

with d4T-3TC than in the ZDV-3TC group (p=0.002; Fig. IB). At week 24, the CD4" 

cell counts in both groups were elevated compared with baseline values, and had 

increased with a median of 90 x 106/1 (IQR, 40-145 x 106/1) in the ZDV-3TC group, 

and 120 x 106/1 (IQR, 90-180 x 106/1) in the d4T-3TC group (p = 0.002). The CD8" 

cell count showed no increase when compared with baseline values and did not differ 

between the treatment groups. The CD4+/CD8+ ratio increased significantly in both 

the d4T-3TC group (from 0.30 at baseline to 0.46 at week 24; p=0.02), and the ZDV-

3TC group (from 0.31 to 0.43; p=0.03). 

Protease inhibitor therapy 

Because indinavir could be added from week 12 onwards and data were censored at 

week 24, a maximum follow-up of 12 weeks for patients who used a triple drug 

regimen was possible. At week 8, when the decision to add a protease inhibitor could 

first be made, 11 out of 21 patients from the ZDV-3TC group and 10 out of 22 

patients from the d4T-3TC group had a plasma HIV RNA level above 500 copies/ml. 

Of the 21 patients who were eligible to start the protease inhibitor therapy, 15 started 

at week 12, five patients preferred to wait and started at week 18, and one patient 

withdrew from the study. Two patients (one in each treatment group) with a virus load 

< 500 copies/ml at week 8 also chose to start indinavir at week 12. The proportion of 

patients on double nucleoside analogue therapy whose virus load was > 500 copies/ml 

increased to 80% during the study (Fig. 2). 
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Figure 2 

Kaplan-Meier plot for probability to be treated without a protease inhibitor. The protease inhibitor was added to 

zidovudine-lamivudine (3TC) or stavudine-3TC if the plasma virus load from week 8 or thereafter was above 

500 copies/ml. 

After starting indinavir, a steady decline of plasma HIV RNA concentrations (Fig. 

3A) to below 500 copies/ml (Fig. 3B) was observed in most of the patients. 

HIV RNA levels decreased in the ZDV-3TC group with a median of -1.25 log|0 

copies/ml and in the d4T-3TC group with a median of-1.46 logio copies/ml after 12 

weeks of treatment with indinavir. After starting indinavir, no significant change in 

the total CD4+ (Fig. 4), CD8+ lymphocyte count, or CD4+/CD8+ ratio was observed in 

either treatment arm (data not shown). 

Adverse events 

Three patients withdrew because of serious incapacitating side-effects. One patient 

did not tolerate ZDV-3TC and stopped definitively on his own request 10 weeks after 

initiating therapy. Two patients suffered from severe nausea and vomiting after 

starting indinavir. 
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Figure 3 

A] Plasma HIV RNA concentration (log,,, copies/ml) compared with the start of" indinavir (week 0). 

B] Percentage of patients which had a virus load < 500 copies/ml from the start of indinavir. 
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Figure 4 

CD4* cell count (x 10VI) compared with the start of indinavir (week 0). 

Their complaints continued despite symptomatic treatment, so indinavir was replaced 

by another protease inhibitor. No serious blood abnormalities were observed; 

however, total bilirubin and triglycerides were slightly increased during indinavir 

treatment. AIDS diagnoses were not observed. Minor HIV-related events were 

reported equally in both treatment groups. No signs or symptoms of polyneuropathy 

developed in any of the patients. 

Discussion 

The main finding of our randomized controlled study was that after 24 weeks of 

treatment d4T-3TC was at least as effective as ZDV-3TC in reducing virus load and 

changing the CD4' cell count. Both combinations were well-tolerated and the 

frequency of side-effects was comparable in both treatment groups. No randomized 

controlled trials have been previously published comparing these combinations, 

which are frequently used in daily practice. Although d4T-3TC resulted in a 

significantly higher CD4+ cell count than ZDV-3TC, the absolute difference at week 
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24 was small (median, 30 x 106/1). From all nucleoside analogues used in 

antiretroviral drug regimens, ZDV is often preferred because of a good penetration 

into the CSF. In a neurological study that we performed in a subset of the same 

patients described above, we found that d4T and 3TC also had good CSF penetration, 

and that both combination regimens resulted in a significant lowering of CSF virus 

load [13]. 

The second major finding, confirming results reported from other double nucleoside 

analogue trials, was that in the majority of patients neither treatment combinations 

resulted in a sustained suppression of plasma HIV RNA [3,4,16-19]. Evidence for 

3TC resistance was observed in 100% of the patients examined with a detectable viral 

load at week 12 before indinavir therapy was added. This percentage is substantial 

higher when compared with antiretroviral therapy-naive patients who have been 

treated initially with a protease inhibitor plus ZDV plus 3TC (5%) [20]. The finding 

that, even in the majority of patients with a low baseline viral load (10 000-45 000 

copies/ml), the codon 184 M-»V mutation rapidly emerged, has important 

implications for the proper initiation of antiretroviral therapy. We speculate that this 

3TC resistance was at least partly responsible for the viral rebound after eight weeks 

of treatment. 

The third finding of our study was that after addition of indinavir to the nucleoside 

combination therapy a statistically significant decrease of plasma HIV RNA 

concentration to a level below 500 copies/ml was observed in most patients. 

Treatment failures after indinavir addition were not observed during the first 12 

weeks. The CD4+ lymphocyte count had increased significantly with double 

nucleoside therapy, but no further increase was observed after protease inhibitor 

therapy was started, despite a further decrease of viraemia. A slow increase of CD4+ 

cell counts after the start of a protease inhibitor could be observed in some but not all 

patients, which indicates that the observation period of 12 weeks might be too short. 

Other explanations could be that most patients gained their maximal immune 

reconstitution during the nucleoside combination therapy, or that an increase of CD4+ 

cell count after the start of protease inhibition coincided with a decrease due to the 

non-sustained effect of the nucleoside combination therapy so the total effect resulted 

in no change of the CD4T cell count. As the aim of antiretroviral therapy is to stop 

viral replication as soon as possible and by as much as possible we suggest that 

starting with double nucleoside therapy is obsolete because only a small number of 
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patients will profit from a double nucleoside combination in the long term. Moreover, 

it is not possible to predict in advance which patients can be treated adequately with 

only two RT inhibitors. 

Patients with relatively low baseline plasma HIV RNA levels (10 000-45 000 

copies/ml) are at the same risk of developing 3TC resistance when compared with 

patients with higher virus load levels. The chance that viral resistance will develop 

will be minimized when plasma HIV RNA levels are reduced to undetectable levels 

during the use of double nucleoside therapy in combination with a protease inhibitor 

or a non-nucleoside RT inhibitor [21]. 

In summary, we can conclude that d4T-3TC is at least as effective as ZDV-3TC, 

although both combinations are suboptimal. This is supported by data from another 

randomized clinical trial [22]. However, addition of a protease inhibitor brings back 

the HIV RNA levels to undetectable levels in most of the patients. The durability of 

this response remains to be established. 
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Summary 

Treatment and prevention of HIV-1-related central-nervous-system disease may be 

dependent on penetration of antiretroviral drugs into the central nervous system. Few 

data are available about cerebrospinal-]'luidpenetration and concomitant changes of 

HIV-1-RNA concentrations during treatment with antiretroviral agents. We 

investigated these effects in HIV-1-infectedpeople. 

28 antiretroviral-naive individuals with CD4 cell counts of 200/'pL or more and 

plasma HIV-1-RNA concentrations of 10000 or more copies/ml who were free of 

neurological symptoms were randomly assigned lamivudine plus either stavudine 

(n=17) or zidovudine (n=ll). We did lumbar punctures on 28 individuals before and 

22 individuals after 12 weeks of treatment to assess HIV-1-RNA and drug 

concentrations in cerebrospinal fluid. 

All 28 individuals had detectable HIV-1-RNA concentrations in the cerebrospinal 

fluid (median 4.64 logw copies/mL and 4.20 logl0 copies/mL in the lamivudine plus 

zidovudine and lamivudine plus stavudine groups, respectively). There was no 

correlation between plasma and cerebrospinal-fluid HIV-1-RNA concentrations 

(r=0.18, p=0.35). After 12 weeks of treatment none of the individuals had detectable 

HIV-1-RNA concentrations in the cerebrospinal fluid. The highest drug concentration 

in the cerebrospinal fluid was for lamivudine followed by stavudine and zidovudine. 

Concentrations were consistent over time, unlike plasma concentrations. Therefore, 

we found time-dependent cerebrospinal-fluid to plasma drug-penetration ratios, 

which were highest for zidovudine followed by stavudine and lamivudine. 

The two drug combinations were equally effective in the decrease of cerebrospinal 

fluid HIV-1-RNA concentrations. All drugs penetrated the cerebrospinal fluid. 

Antiretroviral drugs other than zidovudine might be useful in the prevention of AIDS 

dementia complex. 
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Introduction 

HIV-l enters the central nervous system early after primary infection [1-3]. HIV-1 

infection of the central nervous system eventually leads to AIDS dementia complex in 

7-20% of untreated individuals [4,5]. However, since the introduction of zidovudine, 

the incidence of AIDS dementia complex has decreased substantially [5,6]. The 

mechanism of prevention of AIDS dementia complex by zidovudine is not yet clear, 

but its high penetration into the cerebrospinal fluid and central nervous system is 

important to inhibit HIV-1 replication in the brain [7]. 

Studies on didanosine, which has a low cerebrospinal-fluid penetration compared 

with zidovudine, have shown little effect on HIV-1-RNA concentrations [8,9]. Few 

data are available about penetration or effect on HIV-1-RNA concentrations in 

cerebrospinal fluid of other frequently used antiretroviral drugs [10-12]. The study of 

alternative antiretroviral drugs and drug combinations for prevention of AIDS 

dementia complex is important in case zidovudine is not tolerated or is ineffective. 

Therefore, we investigated penetration and antiretroviral effect of the combinations of 

lamivudine plus zidovudine and lamivudine plus stavudine in the cerebrospinal fluid 

in antiretroviral-naive HIV-1-infected individuals free from neurological symptoms. 

Methods 

As part of an open, randomised, controlled trial comparing the efficacy of two double-

nucleoside 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), 

we asked eligible individuals to participate in a neurological substudy to assess HIV-

1-RNA concentrations in the cerebrospinal fluid and drug concentrations in 

cerebrospinal fluid and plasma. We took histories for neurological disease and carried 

out neurological physical assessments, including a rapid formal test for AIDS 

dementia complex, as described by Power and colleagues, and did diagnostic lumbar 

punctures before therapy and after 12 weeks of treatment [13]. All individuals were 

antiretroviral-naive. Other inclusion criteria were: a CD4 cell count of 200/uL or 

more, plasma HIV-1-RNA concentration 10000 or more copies/mL, haemoglobin 

concentration 5.4 mmol/L or more, platelet count 75000/u.L or more, absolute 

neutrophil count 1,000/uL or more, aspartate aminotransferase, alanine 
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aminotransferase, and alkaline phosphatase up to five times the upper limit of normal, 
plasma creatinine up to 1.5 times the upper limit of normal, and total plasma lipase up 
to 1.4 times the upper limit of normal. Exclusion criteria were the use of 
immunomodulating drugs 1 month before first study-drug dose, acute or current 
AIDS-defining opportunistic disease, pregnancy or breastfeeding, peripheral 
neuropathy of at least grade 2 (modified WHO criteria), history of pancreatitis, 
alcohol abuse, and use of previous myelosuppressive, neurotoxic, pancreatoxic, 
hepatotoxic, or cytotoxic drugs within 3 months of enrolment. After inclusion, we 
randomly assigned individuals iamivudine plus zidovudine or lamivudine plus 
stavudine in the same doses as the open trial. Follow-up visits after the start of 
treatment were planned at 2 weeks, 4 weeks, 8 weeks, and 12 weeks. At each visit, we 
did complete physical assessments and took blood samples for routine safety, 
laboratory, and virological tests. One investigator (PP) did neurological assessments 
and lumbar punctures before and after 12 weeks of treatment. 
We analysed cerebrospinal fluid for HIV-1 RNA, HIV-1 p24 antigen, study-drug 
concentrations, cell count, glucose, and total protein [1]. We measured HIV-1 RNA 
plasma and cerebrospinal-fluid concentrations with a commercial PCR assay that had 
a variable lower limit of detection (Amplicor HIV Monitor Test, Roche Diagnostic 
Systems Inc., Branchburg, NJ, USA). We analysed zidovudine concentrations with a 
commercially available RIA (ZDV-TRAC, Incstar Corporation, Stillwater, MN, USA) 
[14]. Lamivudine and stavudine concentrations were analysed by reversed-phase 
high-performance liquid chromatography [15,16]. For analysis of cerebrospinal fluid 
and plasma drug concentration, we took samples 2-4 h, 4-6 h, and 6-8 h after the last 
drug intake. The study was approved by the local medical ethical committee. All 
individuals gave written informed consent. 
We reported results as medians and interquartile ranges (IQR) for all variables in case 
they were not normally distributed. We tested differences between treatment groups 
for baseline characteristics with the Wilcoxon's signed rank test and differences 
between baseline and week 12 with Wilcoxon's matched-pairs signed rank test for 
non-parametric variables. We tested for correlations of cerebrospinal fluid HIV-1 
RNA with initial values of plasma HIV-1 RNA, cerebrospinal fluid cell count, and 
cerebrospinal fluid protein content, by Spearman's rank correlation test. If HIV-1-
RNA values were less than lower limit of detection, we used the cut-off point as the 
individual's HIV-1-RNA value in all analyses. We did subgroup analyses for plasma 
and cerebrospinal fluid lamivudine concentrations by ANOVA in two groups. 
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Results 

From the 47 individuals included in the main study, 28 (60%) individuals were 

included in the neurological substudy and followed up for at least 12 weeks. 11 

individuals were randomly assigned lamivudine plus zidovudine, and 17 were 

assigned lamivudine plus stavudine. There were no significant differences at baseline 

between the treatment groups in terms of age, scores on the HIV dementia scale, CD4 

and CD8 lymphocyte counts, and plasma and cerebrospinal fluid HIV-1-RNA 

concentrations (Table 1). Two individuals scored less than 12 on the rapid HIV 

dementia test, but they had no clinical signs or symptoms on repeated neurological 

assessments and were not diagnosed with AIDS dementia complex. No other 

neurological abnormalities were found at baseline in any of the individuals. Six 

individuals (one on lamivudine plus zidovudine and five on lamivudine plus 

stavudine) had only one lumbar puncture. Four of these individuals refused a 

secondary puncture because of severe headache (three) or backache (one) after the 

first puncture. 

Table 1: baseline characteristics. 

Characteristic AZT/3TCN=11 d4T/3TCV=77 

Median (range) age (years) 39 (24-52) 36 (27-64) 

Median (range) AIDS dementia score 16 (9-16) 16(10-16) 

Normal neurologic assessment 11 17 

Median (IQR) plasma HIV-1 RNA (logio 4.81(4.12-5.10) 4.98(4.38-5.27) 

copies/mL) 

Median (IQR) CSF HIV-RNA (logio 4.64(3.06-5.10) 4.20(3.72-4.57) 

copies/mL) 

Median (IQR) plasma CD4+ cell count /uL 330(210-500) 290 (245-430) 

Median (IQR) plasma CD8+ cell count/uL 990(680-1420) 1040(820-1285) 

Median CSF p24 antigen 0 0 

Median (IQR) CSF total cells/p.L 15(5-20) 15 (6-26) 

Median (IQR) CSF total protein (g/L) 0.43(0.31-0.45) 0.47(0.28-0.63) 
CSF = cerebrospinal fluid 

51 



Chapter 3 

One patient dropped out of the study at week 4 because of a protocol violation and in 

one patient the second puncture failed. Cerebrospinal fluid and plasma drug 

concentrations could not be measured in one patient because he had not taken his 

medication at the scheduled time points and he was excluded from concentration 

analyses. 

All 28 individuals had a detectable HIV-1-RNA cerebrospinal fluid concentration 

before the start of treatment (median 4.64 log10 copies/mL for lamivudine plus 

zidovudine and 4.20 log,0 copies/mL for lamivudine plus stavudine; Figure 1, Table 

2). Concentrations of p24 antigen were less than the limit of detection in all 

cerebrospinal fluid samples. After 12 weeks of treatment, all 22 individuals had 

cerebrospinal-fluid HIV-1-RNA concentrations below the lower limit of detection 

(lamivudine plus zidovudine median 2.46 log]0 copies/mL [IQR 2.30-2.72], 

lamivudine plus stavudine median 2.44 log,0 copies/mL [2.20-2.72]; Figure 1, Table 

2). Plasma HIV-1-RNA concentrations at week 12 had decreased in the lamivudine 

j 

u 

12 

• d4T/3TC 

• AZT/3TC 

week 

Figure 1: 

Box and Whisker plots of cerebrospinal-fluid H1V-1 RNA before and after treatment. Boxes show first to third 

uartiles; horizontal lines show median; vertical lines show 12.5 to 87.5 percentiles. 
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Table 2: < ;erebrospinal-fl uid and plasma HIV-RNA before and after treatment 

patient CSF HIV-RNA Plasma HIV-RNA d4T/AZT CSF/plasma 

logic ,c/mL logioc/mL (ratio of absolute 

values) 

week 0 week 12 week 0 week 12 

1 4.72 <2.52 5.03 3.65 AZT 0.49 

2 3.91 <2.50 5.12 3.91 d4T 0.06 

3 2.87 <2.54 5.10 3.38 AZT 0.01 

4 2.40 <2.52 4.03 <2.37 d4T 0.02 

5 4.55 <2.83 4.32 <2.45 d4T 1.70 

6 5.10 <2.74 4.88 3.04 AZT 1.66 

7 3.05 <2.75 4.04 2.41 AZT 0.10 

8 4.98 <2.99 4.18 2.61 d4T 6.31 

9 5.21 <2.40 5.27 3.82 AZT 0.87 

10 3.09 <2.39 4.85 <2.09 d4T 0.02 

11 2.57 <2.25 4.12 2.59 AZT 0.03 

12 3.90 < 2.14 5.03 2.91 d4T 0.07 

13 4.20 <2.21 4.53 4.13 d4T 0.47 

14 5.10 <2.11 5.14 3.64 AZT 0.91 

15 4.24 <2.37 5.64 3.17 d4T 0.04 

16 4.26 < 2.31 4.50 2.92 AZT 0.58 

17 5.20 <2.39 4.11 3.01 AZT 12.30 

18 3.87 <2.32 4.43 3.45 d4T 0.28 

19 4.50 < 2.81 5.67 4.05 d4T 0.07 

20 4.63 < 2.71 4.81 3.15 AZT 0.66 

21 4.61 <2.09 4.98 4.00 d4T 0.43 

22 4.52 <2.50 5.20 3.52 d4T 0.21 

23 4.85 - 4.60 2.52 d4T 1.78 

24 3.56 - 5.34 3.14 d4T 0.02 

25 4.64 - 4.79 4.79 AZT 0.71 

26 4.59 - 5.50 3.95 d4T 0.12 

27 3.94 - 5.15 2.73 d4T 0.06 

28 3.58 - 4.26 3.46 d4T 0.21 

Abbreviations: CSF: cerebrospinal fluid, <: less than detection limit of assay 
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Figure 2: Plasma vs cerebrospinal-fluid HIV-1 RNA concentrations at baseline. 

plus zidovudine group with a median of 1.56 login copies/mL [0-1.93] and in the 

lamivudine plus stavudine group with 2.27 login copies/mL compared with baseline 

values (p=0.005 and p=0.003). The cerebrospinal-fluid HIV-1-RNA concentrations 

were not significantly correlated with plasma HIV-1-RNA concentrations before 

treatment (/-=0.18, p=0.35, Figure 2). In five individuals the baseline cerebrospinal-

fluid HIV-1-RNA concentrations exceeded the plasma HIV-1-RNA concentrations. 

The cerebrospinal-fluid HIV-1-RNA concentrations were significantly correlated with 

the cerebrospinal-fluid total protein content (r=0.36, p=0.006) and cerebrospinal-fluid 

cell count (r=0.31, p=0.001). The median cerebrospinal-fluid cell count significantly 

decreased after 12 weeks of treatment in both treatment groups (8 cells/mL [0-17] 

p=0.008 for lamivudine plus zidovudine and 6 cells/mL [1-12] p=0.003 for 

lamivudine plus stavudine). 

The total cerebrospinal-fluid protein concentrations did not change significantly 

during treatment. Protein concentrations before treatment were 0.47 g/L (0.28-0.63) 

for lamivudine plus stavudine and 0.43 g/L (0.31-0.45) for lamivudine plus 

zidovudine, and after were 0.45 g/L (0.25-0.61) and 0.35 g/L (0.31-0.42), 

respectively. Cerebrospinal-fluid and plasma drug concentrations and ratios of 

cerebrospinal-fluid to plasma drug-penetration are represented in Figure 3. 

We found a rapid decrease of plasma drug concentration over time for all three drugs. 
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The drug concentrations in the cerebrospinal fluid changed more slowly. Therefore, 

the cerebrospinal-fluid to plasma penetration ratios showed a strong increase (>1 for 

zidovudine and stavudine in some individuals) with increasing time between drug 

intake and sampling. The cerebrospinal-fluid penetration ratio was highest for 

zidovudine, followed by stavudine and lamivudine. Lamivudine, however, had a low 

cerebrospinal-fluid to plasma penetration ratio because of high plasma concentrations, 

especially with a short time between drug intake and blood sampling. The highest 

absolute cerebrospinal-fluid drug concentration was for lamivudine, followed by 

stavudine then zidovudine (Figure 3). No significant difference in cerebrospinal-fluid 

and plasma lamivudine concentrations was found between individuals who used 

lamivudine plus zidovudine or lamivudine plus stavudine (p=0.50, p=0.52, 

respectively); the time between drug intake and sampling was also similar in both 

groups. For all study drugs, the concentrations found in the cerebrospinal fluid 

(stavudine 0.20-0.27 umol/L, lamivudine 0.29-0.35 umol/L, zidovudine 0.12-0.17 

umol/L) were more than the in-vitro IC50 concentrations for most previously reported 

wild-type HIV-1 strains, although wide ranges have been published for different 

strains (IC50: stavudine 0.009-4.100 umol/L, zidovudine 0.002-2.400 umol/L) [17-

20]. 

Discussion 

Detectable concentrations of HIV-1-RNA in the cerebrospinal fluid suggest but do not 

prove viral replication in the central nervous system. Support for this suggestion is 

provided by studies of cerebrospinal fluid in other viral central-nervous-system 

infections such as herpes simplex encephalitis and cytomegalovirus encephalitis 

[21,22]. During these infections, detection of viral DNA in the cerebrospinal fluid 

with PCR correlates well with replication in the central nervous system, and the 

diagnostic value of such PCR has been shown in large series [23]. 

The detectable HIV-1-RNA concentrations in the cerebrospinal fluid at the start of 

our study suggests the absence of latency in the central nervous system, which 

parallels the dynamics of systemic HIV-1-infection. 

Previous cerebrospinal-fluid studies in symptom-free HIV-1-infected individuals have 

generally shown negative results for HIV-1 p24 antigen, neopterin, or 
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Figure 3: Absolute and mean (SE) drug concentrations and penetration ratios for all treatments at times after 

last drug intake. 
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ß2- microglobulin which suggests that HIV-1 RNA is a more sensitive marker for 

infection of the central nervous system [24-27]. Plasma and cerebrospinal-fluid 

concentrations of HIV-1 RNA did not correlate significantly at baseline. Because 

HIV-1 RNA could not be detected in the cerebrospinal fluid of all individuals, we 

could not test for correlation between cerebrospinal fluid and plasma concentrations 

at week 12. However, the median plasma HIV-1 RNA concentration decreased to 

1.72 logio copies/mL, which could have contributed to the decrease of HIV-1 RNA in 

the cerebrospinal fluid. Similar findings have been reported for HIV-1 p24-antigen 

concentrations. Therefore, most HIV-1 RNA detected in the cerebrospinal fluid is 

probably produced locally and has not simply leaked from the blood to the 

cerebrospinal fluid. These data strengthen the theory that HIV-1 infection in the 

central nervous system should be considered as compartmentalised, which should be 

taken into account for treatment. Several studies have shown that zidovudine 

penetrates the cerebrospinal fluid substantially and its therapeutic and preventive 

effects have been documented [28-30]. With the exception of atevirdine, a clinical 

benefit in HIV dementia has not been shown antiretroviral drugs [31]. We showed 

that stavudine and lamivudine also penetrate the cerebrospinal fluid and reach 

concentrations of more than IC50 values. It is not known whether the same degrees of 

penetration can be found in central-nervous-system disease. The mechanism by which 

the nucleoside analogues reach the cerebrospinal fluid is not known, nor whether 

transport can be inhibited or facilitated by coadministered drugs. We found no 

significant difference in the cerebrospinal-fluid concentrations of lamivudine in 

individuals treated with either zidovudine or stavudine. 

The combinations of lamivudine plus zidovudine and lamivudine plus stavudine were 

equally effective in decreasing cerebrospinal-fluid concentrations of HIV-1 RNA. 

These results suggest that antiretroviral drugs other than zidovudine can inhibit 

replication in the central nervous system. If these combinations can keep the rate of 

replication low in the long term, the prevention of HIV dementia is biologically 

plausible. Long-term follow-up data are required, but our short-term cerebrospinal-

fluid data are encouraging. 
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Summary 

We previously found in a randomised controlled trial comparing lamivudine with 

either zidovudine or stavudine, in antiretroviral naive infected patients (CD4 cell 

count > 200 cells/pi and a plasma HIV-1 RNA level > 10,000 copies (c)/mL), that 

indinavir had to be added from week 12 onward in the majority of patients because of 

virologie failure. At that moment lamivudine resistance was virtually universal. 

Nevertheless, 24-week data showed HIV-1 suppression of plasma below 500 

copies/mL in 95%. At week 12 adequate concentrations of lamivudine, zidovudine and 

stavudine had been found in cerebrospinal fluid (CSF) and in 21/21 CSF samples 

HIV-RNA was below 500 c/mL. 

The objective of this study was to assess the durability of the antiretroviral effect of 

intensification with indinavir after 72 weeks follow-up using an ultrasensitive HIV-1 

RNA assay. In addition, we now report ultrasensitive HIV-1 RNA results in CSF at 

week 12 and 48 and CSF concentrations of indinavir at week 48. 

Forty-seven patients were enrolled, of whom 33 completed a follow-up of 72 weeks. 

Indinavir was added in 93% (42/45) of the patients. Only one discontinuation was 

due to virologie failure. At week 72, the median plasma HIV-1 RNA levels in the 

zidovudine + lamivudine group had decreased from 4.80 log m c/mL to below 

500c/mL in all and below 50 c/mL in 86.6% of the patients. In the stavudine + 

lamivudine group the plasma HIV-1 RNA decreased from 4.98 log m c/mL at baseline 

to below 500 c/mL in all and below 50 c/mL in 66.7% of the patients. On an intention 

to treat base these figures were 54.2% and 52.2%, respectively, for the 50 c/mL 

assay. The median CD4 cell count increased from 315 cells/pL with 150 cells in the 

zidovudine + lamivudine arm and from 290 cells/pL with 310 cells/'juL in the 

stavudine + lamivudine arm (p =0.0001). In the zidovudine + lamivudine group 9/10 

and 5/5 and in the stavudine + lamivudine group 11/11 and 6/6 had a CSF HIV-1 

RNA level below 50 c/mL at week 12 and 48, respectively. The CSF indinavir 

concentration ranged from 50-170 ng/mL. 

The long term HIV-1 suppression observed in this study is remarkable, as adding a 

single antiretroviral agent to a failing regimen goes against current notions of 

adequate therapy. Lamivudine resistance may have contributed to this phenomenon. 
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Introduction 

Triple drug regimens containing two nucleoside analogue reverse transcriptase 

inhibitors plus either a protease inhibitor, or a non-nucleoside reverse transcriptase 

inhibitor for treatment of patients infected with human immunodeficiency virus (HIV-

1 ) have proven to be superior to double nucleoside therapy alone both in antiretroviral 

naive and in pre-treated patients [1-5]. This benefit refers to the increase of CD4+ 

lymphocytes, the reduction of HIV-1 viremia, and the decrease of the frequency of 

AIDS defining events and mortality. These improved results may be attributable to 

prevention of drug resistance by the superior potency of these triple regimens, which 

is supported by the fact that better results are achieved in antiretroviral naive than in 

pre-treated patients [6,7]. Based on these results current clinical guidelines advice the 

use of triple regimens for first-line treatment of HIV-1-infection [8]. 

Results of our randomised controlled trial comparing zidovudine plus lamivudine 

versus stavudine plus lamivudine, with subsequent addition of indinavir, showed that 

the plasma HIV-1 RNA level decreased below 500 c/tnL in 95% (33/35) of the 

patients after 24 weeks of follow-up [9]. This virologie response is similar to that 

obtained with regimens in which therapy has been initiated with three drugs 

simultaneously [4,10-14]. This result was unexpected, because of the high proportion 

of patients in whom viral resistance to lamivudine had developed prior to the addition 

of indinavir. Therefore it became especially interesting to investigate the durability of 

effect of these putative suboptimal regimens. We now report the data on 72 weeks 

follow-up of the patients included in this comparative trial. Moreover, using standard 

PCR HIV-1 RNA assays with a lower detection limit ranging from 200-500 c/mL may 

not disclose the entire message regarding suppression of viral replication. It is 

becoming clear that more durable viral suppression may be obtained if plasma HIV-1 

RNA levels are suppressed to an even lower level than 200-500 c/mL [4,15,16]. 

Therefore, an ultrasensitive HIV-1 RNA assay was used to measure HIV-1 RNA 

copies in plasma at week 48 and 72. 

In the same trial we previously found that lamivudine, zidovudine and stavudine 

penetrated well into the cerebrospinal fluid (CSF) and HIV-1 RNA copies were 

effectively depressed below 500 c/mL in CSF [17]. Now, to assess the maintenance 

and effectiveness of response in the CSF we show CSF HIV-1 RNA at week 12 and 48 
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by the use of an ultrasensitive assay. Moreover, concentrations of indinavir are 

reported in the CSF at week 48. 

Patients and methods 

Patients and design 

The trial design and the 24 week results have been reported previously [9,17]. In 

short, the effectiveness and safety of the combination of lamivudine with either 

zidovudine or stavudine were compared in antiretroviral therapy-naive HIV-1 infected 

patients. Major inclusion criteria were a CD4+ cell count > 200 cells/uL and a plasma 

HIV-1 RNA level > 10,000 copies/mL. Until week 12 patients were treated with the 

reverse transcriptase inhibitor combination only. If the plasma HIV-1 RNA level at 

week 8 or thereafter was > 500 c/mL, the protease inhibitor indinavir 800 mg t.i.d. 

could be added to the reverse transcriptase inhibitor combination at the next 

scheduled visit (week 12) or thereafter. When the plasma HIV-1 RNA level was 

found to be < 500 c/mL patients were allowed to start indinavir at week 12 or 

thereafter on request. All eligible individuals were asked to participate in a 

neurological substudy to assess HIV-1 RNA levels and plasma drug concentrations in 

CSF. In this substudy a lumbar puncture was performed on day 0 and after 12 and 48 

weeks of treatment. Subjects who could not tolerate the full dose of the study drug 

regimen for more than a month were withdrawn. 

As patients remained allocated to their randomised treatment regimen after the 

protocolled end of study (week 48) and the scheduled follow-up after week 48 did not 

differ from the period before, we were able to report data of 72 weeks of follow-up 

using an ultrasensitive PCR H1V-1-1 RNA assay. 

Laboratory methods 

Plasma and CSF HIV-1 RNA levels were measured with a commercial PCR-based 

assay with a variable lower limit of detection. (Amplicor HIV-1 Monitor Test, Roche 

Diagnostic Systems Inc., Branchburg, New Jersey, USA). Blood and CSF samples 

were stored at -70 C. Measurements of HIV-1 RNA levels in CSF were validated by 

reconstruction experiments (personal communication, S J). If plasma HIV-1 RNA 

levels from week 48 and 72 or CSF samples from week 12 and 48 were below the 
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detection limit we re-analysed these samples using a commercial ultrasensitive PCR-

based assay with a variable lower limit of detection. (Amplicor HIV-1 Monitor Test 

(Ultrasensitive Protocol Adaptation), Roche Diagnostic Systems Inc., Branchburg, 

New Jersey, USA) [18]. 

Failure of therapy was defined as a plasma HIV-1 RNA level never dropping below 

500 c/mL or increasing from the nadir to above 500 c/mL, at two consecutive 

moments after indinavir had been added to the double nucleoside combination. 

Enumeration of CD4+ and CD8+ T-cell lymphocytes was accomplished by flow 

cytometry using dual staining techniques. Determination of in vitro T-cell 

proliferation induced by monoclonal antibodies (mAb) to CD3 in the presence of 

mAb to CD28 was performed according to previously described methods [19]. 

Proliferative capacity was calculated back to counts per minute in 1000 CD3+ T-cells 

and results are expressed as percentages of the median of the responses of five healthy 

controls investigated. 

Lamivudine, zidovudine, stavudine and indinavir concentrations in plasma and CSF 

were analysed as described previously [20-23]. To adjust for the time interval 

between blood sampling and drug intake, plasma indinavir concentrations were 

expressed as a ratio of the measured patient plasma indinavir concentration and a 

reference concentration for the same time interval between sampling and the last drug 

intake. Reference concentrations were derived from a population of 15 patients in 

whom a full (8 hr) pharmacokinetic curve was recorded after ingestion of 800 mg of 

indinavir. 

The protocol was approved by the Institutional Review Board, and informed consent 

was obtained from all participants. 

Data analysis 

Outcome measures were the effect of the treatment regimens on plasma HIV-1 RNA 

levels, CD4+ and CD8+ cell counts, the results of the in vitro T-cell proliferation 

assay, and the frequency of side effects at week 72. Additional outcome measures 

were the HIV-1 RNA level in the CSF at week 12 and 48, and the concentration of 

indinavir in the CSF at week 48. Data are given as means and standard deviations 

(SD), as medians and interquartile ranges (IQR,) or as proportions with 95% 
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confidence intervals. Log,0 transformation was performed on HIV-1 RNA copy 

numbers. When plasma HIV-1 RNA levels were below the lower limit of detection, 

this limit was used in descriptive analyses. For statistical analyses of proportions, 

values below the detection limit were set at 500 c/mL or 50 c/mL when the standard 

assay or the ultrasensitive assay was used, respectively. Proportions of patients with a 

plasma HIV-1 RNA level below 500 c/mL or below 50 c/mL were compared with the 

chi-square test with Yates correction and Fisher's exact test (for expected frequencies 

of less than five). Of the patients who had a follow-up of 72 weeks, the proportion of 

individuals with a plasma HIV-1 RNA level above 500 c/mL at week 48 was 

compared with the proportion at week 72 using the McNemar's test. The same 

analysis was performed regarding the 50 c/mL limit. For the intention to treat analysis 

drop-out patients were considered as failures. The overall differences in CD4+, CD8+ 

cell counts and their percentages between the two groups were tested with an analysis 

of repeated measures, using the proc mixed procedure of the SAS software package 

(version 6.12, SAS institute, Cary, North Carolina, USA) with adjustment for the 

baseline value of the parameter tested. The correlation between CSF and plasma 

indinavir concentrations was analysed by calculating the Pearson correlation 

coefficient. 

Results 

Patients and follow-up 

Forty-seven patients were randomised (Figure 1). Baseline characteristics are shown 

in Table 1. Two patients did not receive therapy after randomisation on their own 

request. During follow-up another 12 patients (eight zidovudine + lamivudine, four 

stavudine + lamivudine) dropped out. A virologie breakthrough (after 48 weeks) was 

the reason to drop out in only one patient. Eight dropped out due to side effects (five 

zidovudine + lamivudine, three stavudine + lamivudine), mostly persistent nausea and 

vomiting (seven) or nephrolithiasis (one). Three patients preferred an alternative 

antiretroviral therapy, although there was no virologie failure. Patients who dropped 

out of the study were comparable regarding baseline plasma HIV-1 RNA and T-cell 

subset counts with patients who continued. 
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47 randomized 

' ' r ' r 
23 dT4/3TC 24ZDV/3TC 
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1 other therapy: week 16 
3 adverse events: week 12, 16,24 
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1 other therapy: week 4 
4 adverse events: week 10,21, 30, 43 

i r i t 

18 dT4/3TC, evaluation week 48 18 ZDV/3TC, evaluation week 48 

< i 

1 other therapy: week 48 
1 virologie failure: week 48 
1 adverse event: week 50 

' r > < 
18 dT4/3TC, evaluation week 72 15 ZDV/3TC, evaluation week 72 

Figure I: Trial profile of patients eligible to be treated with zidovudine + lamivudine or with stavudine + 

lamivudine 

Within 72 weeks 93% (42/45) of the patients started indinavir (39 because of a viral 

load increasing above 500 c/mL, and three patients did so on their own request 

although their plasma HIV-1 RNA levels were below 500 c/mL). Of these 42 patients 

39 (93%) started indinavir before or at week 24 (median week 16). 
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Table 1: Baseline characteristics. ' Values represent median and interquartile ranges. 

Characteristic zidovudine + lamivudine stavudine + lamivudine 

number of patients 24 23 

age years (range) 38 (24-52) 38 (27-64) 

weight kg 72 (69-78) 75(71-84) 

CD4+ cells/uL* 315(210-410) 290 (240-440) 

CD8+ cells/uL * 960(730-1230) 1040(820-1290) 

plasma HIV-1-1 RNA* log 10 copies/mL 4.80 (4.44-5.02) 4.98 (4.32-5.34) 

T-cell proliferation to CD3 + CD28 mAb 34%(13%-71%) 29%(13%-67%) 

Virologie data 

Median plasma HIV-1 RNA levels at baseline were 4.80 logio c/mL (IQR, 4.44-5.02 

logioc/mL) and 4.98 (IQR, 4.32-5.34 logioc/mL) in the zidovudine + lamivudine and 

stavudine + lamivudine group, respectively. Plasma HIV-1 RNA levels decreased 

significantly (p < 0.0001) during follow-up (Figure 2). The plasma HIV-1 RNA 

reduction was not significantly different between both treatment groups. As 

previously reported, before the addition of indinavir the M184V mutation indicating 

full lamivudine resistance was found in 23/23 (100%) of patients tested [17]. 

Nevertheless, at week 48, 91.6% percent (33/36) of all patients had a plasma HIV-1 

RNA level below 500 c/mL. When tested with the ultrasensitive assay at this 

timepoint, 83.3% of all patients (30/36) showed a plasma HIV-1 RNA level < 50 

c/mL (15/18 zidovudine + lamivudine and 15/18 stavudine + lamivudine). At week 

72 100% had a plasma HIV-1 RNA level below 500 c/mL. Of these patients, 86.6% 

(13/15, zidovudine + lamivudine) and 66.7% (12/18, stavudine + lamivudine) had less 

than 50 c/mL (p = 0.24; 54.2% and 52.2% on an intention to treat base, respectively, 

Table 2). 

For patients who completed a follow-up of 72 weeks, the proportion of patients with 

less than 50 c/mL at week 48 and 72 were compared (Table 2). The difference was 

not statistically significant (p = 0.125). The same analysis was performed regarding 

the 500 c/mL limit and again no significant difference was found (p = 1.0). 
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Figure 2: Median (IQR,) plasma HIV-1 RNA levels. Samples at week 48 and 72 are measured by using an 
ultrasensitive assay. Dashed lines represents a plasma HIV-1 RNA level of 500 c/mL and 50 c/mL, respectively 

Immunologic data 

The number and percentage of CD4+ cells increased significantly in both treatment 

arms (p < 0.0001, Figure 3A+B). There was a median increase of 150 cells/uL (IQR, 

100-240 cells/uL, baseline 315 cells/uL) and 310 cells/uL (IQR, 190-400 cells/uL, 

baseline 290 cells/uL) in the zidovudine + lamivudine and the stavudine + lamivudine 

group, respectively. The increase in CD4+ cells was significantly higher in patients 

treated with stavudine + lamivudine than in patients treated with zidovudine + 

lamivudine (p < 0.0001, Figure 3A). The CD4+ cells increased biphasically. A rapid 

increase before and a slow continuous increment after the addition of indinavir. There 

was no significant difference between the CD4+ cell percentages in both treatment 

arms (p = 0.76). The lymphocyte count did not differ significantly between both 

treatment groups. In the patients treated with zidovudine + lamivudine a lower 

haemoglobin level was found (p < 0.05). The CD8+ cell count and percentage 

decreased during treatment (p < 0.0001, Figure 3C+D). The course of the absolute 

CD8+ cell count was also biphasic: A period without significant change before, 

followed by a decrease after the addition of indinavir. 
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Table 2: Proportion of patients with p lasma and CSF levels below 500c/mL and 50 c/mL 

All zidovudine 
lamivudine 

+ stavudine 
lamivudine 

+ p-value 

PLASMA 

week 48 N=36 N=18 N=18 

<500 c/mL 91.6% (33/36)* 83.3% (15/18) 100% (18/18) NS 

<50 c/mL 83.3 %(30/36)+ 83.3% (15/18) 83.3% (15/18) NS 

week 72 N=33 N=15 N=18 

<500 c/mL 100% (33/33)* 100% (15/15) 100% (18/18) NS 

<50 c/mL 75.8%(25/33)t 86.6% (13/15) 66.7(12/18) NS 

CSF 
week 12 N=21 N=10 N=ll 

<500 c/mL 100% (21/21) 100% (10/10) 100% (11/11) NS 

<50 c/mL 95.2% (20/21) 90% (9/10) 100% (11/11) NS 

week 48 N=ll N=5 N=6 

< 500 c/mL 100% (11/11) 100% (5/5) 100% (6/6) NS 

<50 c/mL 100% (11/11) 100% (5/5) 100% (6/6) NS 

All patients who completed 72 weeks of follow-up were compared for the proportion with a 

plasma H1V-1 RNA below 500 c/ml (p=1.000, McNemar's test). f All patients who completed 72 

weeks of follow-up were compared for the proportion with a plasma HIV-1 RNA below 50 c/ml 

(p = 0.125, McNemar's test). 

At week 72, in the zidovudine + lamivudine group the number of CD8+ cells had 

decreased by a median of 260 cells/uL (IQR, 480 to +200 cells/uL from baseline (960 

cells/(j.L) and in the stavudine + lamivudine group with 90 cells/uL (IQR, 190 to +80) 

from baseline (1065 cells/uL). The course of the CD8+ cell count, and the CD8+ cell 

percentage did not differ significantly between both treatment groups (p = 0.09 and p 

= 0.10, respectively). The CD4+/CD8+ ratio had increased from 28.7 to 49.3% and 

from 30.5 to 58.1% in the zidovudine + lamivudine and the stavudine + lamivudine 

group, respectively (p = 0.17). The in vitro T-cell proliferation after stimulation with 

CD3-28 mAb, improved significantly after 4 weeks of treatment, but did not differ 

between both treatment groups (Figure 3E). Normal values, however, were not 

reached in the majority of the patients. 
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Figure 3A + B: 
CD4+ cell count (median + IQR,) as absolute numbers (A) and as percentage (B) (zidovudine + lamivudine vs. 

stavudine + lamivudine p <0.0001). 
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Figure 3C + D + E: 

CDS* cell count (median + IQR,) as absolute numbers (C) and as percentage (D) (zidovudine + lamivudine vs. 

stavudine + lamivudine p =0.09). Proliferative responses in vitro per 1000 CD3+ cells after stimulation with 

CD3 plus CD28 mAb, as percentage of five healthy donors (E) (zidovudine + lamivudine vs. stavudine + 

lamivudine NS) 
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Cerebrospinal fluid HIV-1 RNA findings 

Twenty-eight (11 zidovudine + lamivudine, 17 stavudine + lamivudine), 22 (10 

zidovudine + lamivudine, 12 stavudine + lamivudine) and 11 (5 zidovudine + 

lamivudine, 6 stavudine + lamivudine) patients underwent a lumbar puncture at day 0, 

week 12, and week 48, respectively. All of these patients were neurologically 

asymptomatic. At week 12, in one patient the second puncture failed and five 

individuals had dropped out of the neurological substudy. Four of these individuals 

refused a second puncture and one patient dropped out of the main study at week 4. 

At week 48, eight other patients refused a third lumbar puncture and three more 

patients had discontinued the main study. The patient with the plasma virologie 

failure refused a third lumbar puncture. The patients who left the neurological 

substudy were comparable for baseline characteristics with patients who continued. 

At week 12 and week 48, CSF HIV-1 RNA levels were below 500 c/mL in all of the 

patients examined (Figure 4). Using the ultrasensitive assay 90% (9/10) and 100% 

(5/5) in the zidovudine + lamivudine group and 100% (12/12) and 100% (6/6) of the 

patients in the stavudine + lamivudine group had a CSF HIV-1 RNA level below 50 

c/mL at week 12 and 48, respectively. 

In the one patient with a CSF HIV-1 RNA level above 50 c/mL at week 12 by 

ultrasensitive assay (76 c/mL), a third lumbar puncture was performed at week 48. 

The virus load had decreased to below 50 c/mL. 
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Figure 4: 

Cerebrospinal fluid HIV-1 RNA levels (Box & Whisker plot) at baseline, week 12 and after 48 weeks by using 

an ultrasensitive assay. If values were below the limit of quantification this limit was used to figure the graphs. 
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Cerebrospinal fluid pharmacokinetic findings 

We previously reported adequate cerebrospinal fluid (CSF) concentrations of 

lamivudine, zidovudine and stavudine at week 12. The median CSF concentration was 

for lamivudine 59.5 (IQR, 50.0-82.5), for zidovudine 58.1 (41.2-60.2) and for 

stavudine 53.0 ng/mL (IQR, 39.2-80.0). These concentrations were comparable with 

those found at week 12 [17]. At week 48 a median indinavir CSF concentration of 90 

ng/mL was found (range 50-170 ng/mL, 5-7V4 hours after last drug intake). These 

indinavir concentrations appeared to be adequate, as the IC95 ranges reported in the 

literature are 17-63 ng/mL [24-26]. The median plasma indinavir concentration was 

250 ng/mL. We found no correlation between the CSF indinavir concentration and the 

standardised plasma ratio (the measured plasma indinavir concentration divided by 

the reference concentration at the same sampling interval of normal individuals (r = 

0.18, p =0.29; Figure 5). 
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Figure 5: 
CSF indinavir concentration (ng/mL) versus the ratio of plasma indinavir concentration observed/standard 

plasma concentration at the same timepoint of a reference group in whom a full pharmacokinetic curve has been 

determined. 
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Discussion 

We found that after 72 weeks of follow-up zidovudine + lamivudine and stavudine + 

lamivudine with subsequent addition of indinavir were effective and comparable in 

reducing plasma HIV-1 RNA levels. In an on treatment analysis, the plasma HIV-1 

RNA level had been suppressed below 50 c/mL in 75.8% of all patients (in an 

intention to treat analysis this percentage was 53.1% (95% confidence interval 38-

68%)), although lamivudine resistance was present in all patients tested when 

indinavir was added. Surprisingly these results are highly comparable to those 

obtained with concomitant initiation of triple regimens in antiretroviral naive patients 

[4,10-14]. 

If the traditional view is taken that due to lamivudine resistance the triple drug 

regimens in our study were in fact double drug regimens (respectively zidovudine + 

indinavir and stavudine + indinavir) these results are in marked contrast with the 

findings of induction-maintenance trials, where it was found that two drug 

combinations were inferior in maintaining viral suppression to prolonged induction 

therapy with three or four drugs [24-26]. In the Trilege trial, naive patients with a 

successful induction therapy with indinavir + zidovudine + lamivudine for three 

months, were randomised to the maintenance regimens of zidovudine + lamivudine, 

zidovudine + indinavir or the triple regimen. Six months after the randomisation, 72% 

of the zidovudine + indinavir treated patients had a plasma HIV-1 RNA level below 

500 c/mL compared with 90% in the group treated with the triple regimen (p < 0.01). 

After 24 weeks 87% of our patients had a plasma HIV-1 RNA level below 500 c/mL. 

This finding suggests that our triple regimen was not simply cut down to a double 

regimen when 3TC resistance had developed. 

A first explanation for the relatively high proportion of patients with plasma HIV-1 

RNA levels below 50 c/mL in our study may be that our patients had a relatively high 

CD4* cell count, and that they had a low viral load at the moment of addition of 

indinavir (median 1478 c/mL), although this seems in contrast with the outcome of 

the Trilege trial. 

A second explanation may be that lamivudine resistance decreases viral fitness and 

processivity [27-30] and it is possible that this "non-fit-virus" also has a lower 

replication capacity in vivo compared with the wild type variant. Subsequent addition 
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of indinavir to zidovudine or stavudine may then be sufficient to suppress viral 

replication. 

Thirdly, enhanced fidelity of lamivudine resistant HIV-1 reverse transcriptase has 

been found in vitro to delay the development of resistance to other antiretroviral 

drugs like zidovudine, nevirapine, delavirdine, and saquinavir [31]. We surmise that 

these mechanisms may have balanced the fact that lamivudine resistance reduced the 

effectiveness of the triple combination. A last mechanism that may have contributed 

is an increased cytotoxic T-lymphocyte response to the lamivudine resistant virus 

[32]. Similar findings have recently been reported from the Avanti 2 and Avanti 3 

trials where addition of indinavir respectively nelfinavir to zidovudine plus 

lamivudine led to comparable virologie results as concomitant initiation of triple 

therapy [33,34]. As in our study, these patients were antiretroviral naive when 

treatment was started. In contrast, in zidovudine pre-exposed patients who had been 

treated with zidovudine + lamivudine for at least 24 weeks before subsequent addition 

of indinavir, a significantly lower percentage of the patients with plasma HIV-1 RNA 

levels below 50 c/mL was observed compared with the patients who have been 

concomitantly treated with the triple regimen (30% versus 66% after 100 weeks of 

follow-up, respectively) [35]. 

The increase in the CD4+ cell count was significantly higher in the stavudine + 

lamivudine group when compared with the zidovudine + lamivudine group. The 

clinical significance of this finding is unsure and can only be assessed by a clinical 

endpoint study, although as found in the meta-analysis study of Hughes et al, higher 

CD4+ cell counts per se are related with a lower incidence of AIDS and mortality 

[36]. The higher CD4+ cell count might be explained by a subtle bone marrow 

suppressive effect of zidovudine as indicated by a lower haemoglobin concentration 

in the zidovudine + lamivudine group. Beside a quantitative improvement of 

immunity also a qualitative response was observed in both treatment groups early 

after initiation of therapy. T-cell capacity to proliferate after stimulation with both 

CD3 and CD28 mAb could be partially restored, but not to normal values in most of 

the patients. One explanation could be that the follow-up may still be too short to 

demonstrate a full immunologic recovery, or alternatively, an irreparable damage may 

have already been present before initiating antiretroviral therapy. Another explanation 

could be that our drug regimen was not fully suppressive [37]. 
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For optimal treatment of HIV-1 infection it is of paramount importance to target all 

infected compartments. Few data are available about the concentration of protease 

inhibitors in the CSF. Apart from the good CSF penetration of lamivudine, zidovudine 

and stavudine, which we already reported for the initial phase of the trial [17], we 

now demonstrate that the protease inhibitor indinavir also penetrated in the CSF 

above the IC95. Other protease inhibitors like saquinavir and ritonavir do not seem to 

reach sufficiently high concentrations in the CSF and are not able to clear HIV-1 

RNA from the CSF in most of the cases [38,39]. It is possible that the high CSF 

penetration contributed to the persistent low CSF HIV-1 RNA levels. We found no 

correlation between plasma and CSF indinavir concentrations (Figure 5). Two 

patients with the highest plasma indinavir concentration actually showed the lowest 

indinavir concentrations in the CSF. Little is known about the transport of indinavir 

into the CSF or the brain. Activity of the P-glycoprotein multi-drug transporter [40], 

co-medication or other interindividual variable factors may play a role. 

In conclusion, we found a surprisingly durable and profound viral load suppression 

both in plasma and CSF of patients who have been treated with zidovudine + 

lamivudine or stavudine + lamivudine and subsequent addition of indinavir, despite 

lamivudine resistance. The CD4+ cell response was significantly higher in the 

stavudine + lamivudine group when compared with the zidovudine + lamivudine 

group. In addition we demonstrated that indinavir reached concentrations above IC95 

into the CSF, and may be added to the armamentarium of drugs treating HIV-1 in the 

CNS. 

As an afterword it may be remarked that enrolment to this study was prematurely 

terminated because of the near universal appearance of lamivudine-resistance. 

Looking at the present results, this might not have been necessary. 
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Chapter 5 

Summary 

A substantial number of patients with advanced HIV infection suffer from intractable 

diarrhoea. The aim of this study was to evaluate whether potent antiretroviral therapy 

could alleviate such diarrhoea. 

In an open randomized study the effect of the HIV protease inhibitor indinavir in 

combination with nucleoside analogue reverse transcriptase inhibitors on chronic 

HIV related diarrhoea was investigated in 14 late stage (CD4 lymphocyte count < 50 

x 10 /I) HIV infected patients. Data concerning stool frequency, stool consistency and 

antidiarrhoeal drug use were collected in daily kept diaries over a 24-week period. 

Endpoints of the study were reduction of stool frequency, improvement of stool 

consistency, weight gain and in case of diarrhoea due to Enterocytozoon bieneusi or 

Cryptosporidium sp. disappearance of these parasites from stool. 

Thirteen patients started the study drug indinavir. One patient died after 1 week and 

one patient withdrew prematurely after 18 weeks. Median stool frequency declined 

from 5.8 daily at baseline to 2.3 daily after 24 weeks (P=0.04). Stool consistency 

improved considerably over the study period/ before treatment 56% of stools were 

watery and 0% were formed; at week 24 these figures were 0 and 35%, respectively. 

Body weight increased significantly with a median increment of 6.6 kg at week 24 

(P=0.0006). In two out of six patients with microsporidiosis and both patients with 

cryptosporidiosis, stools were free of parasites at week 24. Five out of six patients 

who used non-specific antidiarrhoeal medication on a regular basis prior to the study 

had ceased to do so at the end. 

Tthe use of potent antiretroviral therapy in patients with advanced HIV infection can 

improve chronic HIV related diarrhoea and in some cases lead to disappearance of 

E. bieneusi and Cryprosporidium sp. from the stools. 
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Introduction 

Patients with HIV-1 infection are prone to a wide range of opportunistic disease 

manifestations including diarrhoea, which is experienced by over 50% of patients 

with AIDS at some time during their illness, and is associated with a significant 

degree of morbidity and even mortality. In patients with chronic diarrhoea specific 

pathogens may be isolated in up to 75 - 80 percent [1], with the protozoal parasites 

Cryptosporidium and Microsporidium being particularly common, and preferentially 

causing diarrhoea in patients with severely depressed peripheral blood CD4+ 

lymphocyte counts [2,3]. Although anecdotal success has been reported with the use 

of various drugs such as albendazole and paromomycin for the treatment of intestinal 

crypto- and microsporidiosis, none of these agents has been found to be effective for 

the treatment of infection with Enterocytozoon bieneusi in controlled clinical trials [4-

6]. In contrast, albendazole is very effective against the Microsporidium subspecies 

Encephalitizoonidae such as E. intestinalis. Thus, most patients with E. bieneusi 

depend on the use of non-specific antidiarrhoeal medication (loperamide, opioids, and 

octreotide) for the control of symptoms. In up to one-quarter of patients, no 

responsible causative microorganism is found and the diarrhoea is usually considered 

to be a non-specific manifestation of the underlying HIV infection. 

The use of HIV-1 protease-inhibitors, especially in combination with nucleoside 

analogue reverse transcriptase inhibitors, has allowed the achievement of 

unprecedented degrees of suppression of HIV-1 replication in a substantial proportion 

of patients, which have been associated with marked increases in CD4* lymphocyte 

count [7-9] improvement in T-lymphocyte function [10], and reduction in disease 

progression and mortality [11]. 

In view of these considerations, we decided to test the hypothesis of whether clinical 

benefit could be demonstrated by administering the protease inhibitor indinavir to 

patients with chronic uncontrolled cryptosporidial, microsporidial or unexplained 

diarrhoea when the protease inhibitor indinavir was made available for 14 patients in 

The Netherlands in the framework of an international compassionate use protocol for 

HIV-1-infected patients with fewer than 50 x 106/1 CD4+ lymphocytes. In addition, in 

those with parasitic diarrhoea, the effect of treatment was evaluated on the shedding 

of Cryptosporidium and Microsporidium in stools. 
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Methods 

Patients 

Patients could be enrolled in the study if they had a history of chronic diarrhoea that 

was associated with intestinal Cryptosporidium or Microsporidium infection, or was 

unexplained. Chronic diarrhoea was defined as the continuous presence for at least 1 

month of at least twice daily watery or loose stools. Diarrhoea was considered to be 

unexplained if within a 3-month period prior to enrolment the following examinations 

had revealed no specific abnormalities: stool examination for culture of common 

bacterial diarrhoeal pathogens, stool examination for ova and parasites (three times or 

more), colonoscopy and mucosal biopsy for the presence of characteristic inclusions 

or specific antigen compatible with a diagnosis of cytomegalovirus (CMV) colitis. In 

addition, a stool culture for Mycobacterium avium intracellular e was obtained at the 

time of enrolment. Additional inclusion criteria included age 18 years or more, CD4+ 

lymphocyte count ^ 50 x 106/1 on two determinations at least one week apart, 

haemoglobin > 6.5 g/dl, absolute neutrophil count > 500 x 106/1 platelets > 50 x 109/1, 

creatinine ^ 6 x the upper limit of normal, blood urea nitrogen < 10 x the upper limit 

of normal, aspertate aminotransferase and alanine aminotransferase ^ 5 x the upper 

limit of normal, and total bilirubin < 2.5 mg/dl. Women were excluded if pregnant or 

breast feeding. Other exclusion criteria were prior or concomitant use of protease 

inhibitors, use of any investigational drug fewer than 30 days before to or during the 

study, acute hepatitis of any cause, presence of central nervous system infections, 

CMV retinitis or active tuberculosis unless diagnosed and treatment initiated at least 2 

weeks prior to enrolment, and unstable opportunistic infections defined as a change in 

the corresponding clinical condition or therapy less than 2 weeks before the start of 

indinavir therapy. 

All investigators participating in the National AIDS Therapy Evaluation Center 

(NATEC) network for HIV clinical trials in the Netherlands were informed about the 

study and asked to refer eligible patients to the study coordinator (NF) at the 

Academic Medical Center in Amsterdam, who entered patients into the study after 

confirming their eligibility. All patients gave written informed consent before 

enrolment, and the protocol was approved by the ethics committees of all 

participating institutions as well as by the Scientific Advisory Board of NATEC. 
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Study design and treatment 

Patients who fulfilled all inclusion criteria and none of the exclusion criteria were 

randomly assigned by a computer program to one of two treatment groups: (i) 

immediate treatment group, (ITG) comprising patients who started indinavir 

immediately after randomization; (ii) deferred treatment group, (DTG) comprising 

patients who documented the frequency and consistency of their stools for 2 weeks 

after randomization, and subsequently began treatment with indinavir. Prior to 

randomization, all eligible patients were instructed to keep a daily stool diary for 2 

weeks in which they recorded each bowel movement, stool consistency (watery, loose 

or formed), and the use of non-specific antidiarrhoeal medication. 

This design allows us to compare bowel movement frequency (all without indinavir 

treatment) between the 2-week period before and after randomization, respectively, in 

the DTG. A lack of significant change in the level of diarrhoea between these two 2-

week periods, would strengthen the conclusion that changes in diarrhoea following 

the subsequent start of indinavir therapy indeed were the result of such therapy. To 

investigate a regression-to-the-mean phenomenon, which would show a decrease in 

stool frequency and improvement of consistency after patients have been randomized, 

mean daily frequency and consistency 2 weeks before and after randomization were 

compared using analysis of repeated measures among patients randomized to receive 

deferred therapy. In case no regression-to-the-mean was found, it was decided to 

define time point zero as the moment that indinavir therapy was started in order to 

investigate the influence of antiretroviral therapy on stool frequency and other 

parameters. The planned duration of the study was 24 weeks. 

Indinavir was administered as 400 mg capsules at a dose of 800 mg three times daily 

on an empty stomach. Patients were recommended to drink at least 1.5 L of liquid 

daily. During the 2-week (ITG) or 4-week (DTG) period of observation, as well as 

during the initial 4 weeks of treatment with indinavir, no changes in background 

antiretroviral therapy or increases in the use of non-specific antidiarrhoeal medication 

were permitted. 
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Follow-up and outcome measures 

Study visits were scheduled 1, 2, 3, 4, 12, 18 and 24 weeks after the start of indinavir. 

Patients were instructed to complete a stool diary for the 7-day period preceding each 

scheduled visit. In addition, during each of these visits patients were questioned about 

any adverse events, a full physical examination (including body weight) was 

performed, stool was obtained for culture and examination of ova and parasites, and 

blood was drawn for laboratory safety parameters and for measuring plasma HIV-1 

RNA levels, T-lymphocyte subsets and in vitro T-lymphocyte functional capacity. 

Stool samples were examined for routine culture and for ova and parasites according 

to standard procedures. Microsporidial spores were visualized using the Uvitex 2B 

stain, as previously described [12,13]. Electron microscopy was used for confirmation 

of E. bieneusi diagnosis. The presence of cryptosporidial oocysts and microsporidial 

spores in stool specimens was scored semiquantitatively by counting the number of 

parasites per high power field (1250 x magnification using a Leitz fluorescence 

microscope, Leitz, Wetzlar, Germany), according to the following grading system: 

grade 0, no spores/oocysts; grade 1, 1-5 spores/oocysts per slide; grade 2, 2-5 

spores/oocysts per field; grade 3, 6-10 spores/oocysts per field; grade 4, > 10 

spores/oocysts per field. All samples were examined and graded by the same 

technician and subsequently confirmed by one of the authors (TvG). Enumeration of 

CD4" and CD8+ lymphocyte subsets, and determination of in vitro T-cell proliferation 

induced by phytohaemagglutinin (PHA) and the combination of CD3 and CD28 

monoclonal antibodies, were performed according to previously described methods 

[14]. HIV-1 RNA plasma concentrations were measured using a commercial PCR-

based assay (Amplicor HIV Monitor Test, Roche Diagnostic Systems Inc., 

Branchburg, New Jersey, USA). 

The primary outcome measure was the change in frequency of bowel movement 

observed during 24 weeks of indinavir treatment. A beneficial response was defined 

as a reduction in stool frequency of 50% or more at week 24 compared to baseline. 

Additional outcome measures were changes in stool consistency, in body weight, and 

in the use of non-specific antidiarrhoeal medication. Secondary outcome measures 

included scoring of the degree of oocyst and spore shedding in stools, for patients 

with cryptosporidiosis and microsporidiosis, respectively. 

For the assessment of durability of response the latest information available after 

week 24 was collected by contacting the patient's physician. Data concerning 
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diarrhoea, body weight, antiretroviral drug use, virologie and immunologic parameters 

were collected and described. 

Statistical analysis 

For each patient and at each time point (visit) the mean daily stool frequency was 

calculated as the total number of documented bowel movements divided by the total 

number of days of observation during the preceding week. In addition, patients 

categorized their stool consistency as watery, loose or formed, and hence stool 

consistency could be expressed as proportions of watery, loose and formed bowel 

movement for each time point. 

The significance of change in body weight, absolute CD4+ lymphocyte count, logio 

plasma HIV-1 RNA copy number, mean stool frequency, and stool consistency was 

tested by analysis of repeated measures, using PROC MIXED of the SAS software 

package (version 6.11: SAS Insitute, Cary, North Carolina, USA). 

Results 

Pre-treatment 

Eight patients were randomized to receive immediate indinavir therapy (ITG) and six 

to receive therapy 2 weeks later (DTG). After being randomized to the DTG, one 

patient started treatment on his own account after one week and one patient withdrew 

2 weeks after randomization but before the start of treatment. Since no follow-up data 

were available for this latter patient, he was excluded for the evaluation of treatment 

effect. Both treatment groups had comparable baseline characteristics at 

randomization (Table 1). In eight patients the cause of diarrhoea was unknown, 

whereas in six patients Microsporidhtm sp. E. bieneusi was found by light 

microscopy. This was confirmed by electron microscopy. In one patient who died 

after one week of treatment E. bieneusi could not be diagnosed with certainty by 

electron microscopy alone. Two of these patients had a concomitant infection with 

Cryptosporidium. Stool culture for M. avium intracellulare was negative in all 

patients. 
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Table 1 Patient baseline characteristics. 

Characteristic Immediate Deferred All patients 

treatment treatment 

No patients 8 6 14 

Median (IQR) Age (years) 43(38-51) 45 (39-49) 44 (38-50) 
Male [n (%)] 8(100) 5(83) 13(93) 
Median [IQR] 

CD4+ cell count (x 106/1) 10(10-15) 10(10-40) 10(10-20) 
CD8+cell count (x 106/1) 450(325-735) 230(200-330) 330(240-460) 

HIV-1 RNA (log,o copies/ml) 5.1 (4.9-5.6) 5.1 (4.2-5.2) 5.1 (4.8-5.6) 
No. (%) patients with non specific 

antidiarrhoeal drug use 3(38) 3(50) 6(43) 
Median (IQR) 

Duration of diarrhoea (months) 7(5-11) 10(5-12) 9(5-11) 

Median daily stool frequency 5.8(4.1-7.4) 5.7(4.6-7.1) 5.8(4.6-7.1) 
Pathogens present in stool [n (%)] 

Cryptosporidium sp. 1(13) 1(17) 2(14) 

Enterocytozoon bieneusi 4(50) 2(33) 6(43) 

Median (IQR) body weight (kg) 59 (54-64) 60 (46-63) 59 (54-64) 

Both patients with cryptosporidiosis also had microsporidiosis. IQR, interquartile range. 

No significant change in the mean daily stool frequency was observed in patients 

randomized to the DTG during the two weeks before randomization when compared 

with the 2-week observation period after randomization (P = 0.93), nor did the 

proportion of watery, loose and formed stool change after randomization (P-values 

0.22, 0.18 and 0.84, respectively). 

Since no change in stool frequency and consistency was found before and after 

randomization, data from both groups were pooled and the start of indinavir was 

considered as timepoint zero for evaluating the effect of treatment. 

During treatment 

All treated patients received indinavir 2400 mg daily added to their background 

medication. All patients had previously used nucleoside analogues. Three of the 
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patients had discontinued this treatment because of side-effects prior to starting 

indinavir. One patient died one week after starting indinavir due to euthanasia. One 

patient withdrew from the study at week 18 because of lack of response. Therefore, 

11 patients completed at least 24 weeks of follow-up. Indinavir treatment was not 

changed during the study, but most of the patients had a change of their nucleosides 

after week 4. 

Stool frequency had statistically significantly decreased from a median of 5.8 daily at 

baseline to 2.3 daily after 24 weeks of treatment (P = 0.04). At week 24, the median 

stool frequency, expressed as ratio from baseline, was 0.35 (interquartile range, 0.28-

0.63, Fig. 1A). Seven patients had a clinical response defined as a reduction of ^ 50% 

of stool frequency at week 24 (responders). Responders and non-responders did not 

differ in baseline characteristics (data not shown). 

Stool consistency improved likewise. Of all stools at baseline, a median of 0% was 

formed, whereas a median of 35% were formed after 24 weeks of treatment (P = 

0.01). The median proportion of watery stools was 56% at baseline and 0% after 24 

weeks of treatment (P = 0.02), the percentages of loose stools did not change (44% 

and 50% respectively; Figure IB). Body weight increased significantly in all patients 

with a median increment of 6.6 kg at week 24 (P = 0.0006; Figure 1C). 

In two of the six patients with microsporidiosis, no parasites were detected in the stool 

at week 18 and 24. In one patient with a negative stool specimen for microsporidiosis 

after 12 weeks of treatment, a few parasites were seen again at week 24 (grade 1). In 

the stool specimens of two patients, a reduction of the amount of parasites excreted 

(grade 4 to 1) was observed, concurrent with a decrease in stool frequency. One 

patient with microsporidiosis died without a clinical or parasitological response 1 

week after the start of treatment. In the stool specimens of the two patients with 

cryptosporidiosis at baseline no parasites were detected at the end of the study. One 

patient with Cryptosporidium and Microsporidium coinfection and associated signs of 

sclerosing cholangitis showed significant biochemical and radiologic improvement 

after 24 weeks of treatment. The diarrhoeal response did not differ between patients 

with unexplained diarrhoea and those with cryptosporidiosis/microsporidiosis (data 

not shown). Five out of six patients who used non-specific antidiarrhoeal medication 

on a regular basis prior to the study had ceased to do so at the end of the study. 
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Figure 1: 

A] Stool frequency as ratio from baseline [median and interquartile range (1QR); P = 0.04]. 

B] Stool consistency as percentage of total bowel movements. 

C] Change in body weight (kg) from baseline (median and interquartile range; P < 0.0006). 
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Figure 1: 
D: Plasma HIV-1 RNA levels (log,,, copies/ml) as change from baseline, median and IQR; P < 0.0002). E: 

CD4* and CDS' lymphocyte count (xl0'/l; median and IQR; P < 0.0001 and P < 0.02. respectively). Normal 

values: CD4+ cell count 560-1490 x 10'Vl; CD8* cell count, 260-990 x ÏO'VI. F: T-lymphocyte function in whole-

blood lymphocyte cultures as measured by responses to the combination of' CD3 and CD28 monoclonal 

antibodies, and responses to phytohaemagglutinin (PHA; c.p.m.; median and IQR: P < 0.0001 and P < 0.002. 

respectively). Normal values: CD3 and CD28 monoclonal antibodies > 17000 c.p.m.; PHA > 17000 c.p.m.. 
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Immunological and virological response 

Plasma HIV-1 RNA levels had decreased with a median of 2.3 logio at week 24 

compared to baseline (P = 0.0002; Figure ID). The median CD4+ and CD8+ 

lymphocyte count increased to a median of 100 x 106 cells/1 and 805 x 106 cells/1, 

respectively at week 24 (CD4+ cells, P = 0.0001, CD8+ cells, P = 0.02; Figure IE). In 

vitro T-cell function, as measured by the proliferative responses upon stimulation with 

the combination of CD3 and CD28 monoclonal antibodies, increased from a median 

of 165 to 11203 c.p.m. (P = 0.0001; normal range, > 17000 c.p.m.). PHA responses 

improved from a median of 934 to 10724 c.p.m. (P = 0.002; normal range > 17000 

c.p.m.; Figure IF). 

Adverse events 

Four serious adverse events were reported in three patients. One patient on 

anticoagulant and anti-epileptic therapy had a recurrent episode of deep venous 

thrombosis. Moreover he had experienced a tonic-clonic seizure possibly related to a 

low phenytoin serum level (5 mg/1; therapeutic range, 8-18 mg/1). A relationship with 

the use of indinavir was unlikely since his serum phenytoin concentration was already 

low (5.5 mg/1) before the start of indinavir. 

One other patient who had a history of nephrolithiasis had a single episode of severe 

flank pain and gross haematuria, although diagnostic procedures did not reveal a 

kidney stone. He admitted that his fluid intake was significantly lower than advised. 

He continued indinavir without a relapse of complaints. In one patient, disseminated 

CMV infection was diagnosed shortly after initiating indinavir. He recovered well 

with ganciclovir treatment. A moderate increase of unconjugated bilirubin was 

observed in most patients, but was never a reason to discontinue indinavir treatment. 

Long term outcome 

In order to evaluate the durability of the treatment response, patients' physicians were 

contacted 6-26 (median, 16 weeks) after the end of the study. Data about all eleven 
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patients were collected. Antiretroviral drug therapy had not been changed in any of 

the patients. Nine patients had no diarrhoea according to the prestudy definition. The 

median increase in body weight was 1 kg since week 24. CD4+ lymphocyte count had 

not significantly changed (105 versus 100 x 106 cells/1 at week 24). Median plasma 

HTV-1 RNA level was 2.52 log,0 copies/ml (2.81 logio copies/ml at week 24). E. 

bieneusi was still found in the stools of two patients. Two patients in whom E. 

bieneusi could not be detected at week 24 were still free of and remained free until his 

last visit (week 46). No relapse of cryptosporidiosis was observed. 

Discussion 

Our study clearly demonstrated that signs and symptoms of chronic diarrhoeal disease 

even in patients with a very advanced stage of HIV-1 infection, may significantly 

improve with the use of potent antiretroviral treatment including a protease inhibitor. 

In 11 out of 14 patients with a median prior history of chronic diarrhoea of 9 months, 

24 weeks of treatment with regimens including indinavir resulted in significant 

reductions of both the total number of daily bowel movements as well as the 

percentage of these that consisted of watery stools. This was mirrored by an increase 

in body weight of more than 6 kg. Three out of six patients who entered the study 

with E. bieneusi, and both patients with Cryptosporidium showed complete and 

persistent clearance of these parasites from their stools. In the two remaining 

évaluable patients a clear reduction of spore shedding was observed. This is 

remarkable because, at present, no proven curative antimicrobial therapy is available 

for E. bieneusi. Moreover, five out of six patients on non-specific antidiarrhoeal 

therapy were off these drugs after 24 weeks of antiretroviral therapy. 

It is not likely that the observed decline of stool frequency can be explained by a 

regression-to-the-mean phenomenon. Our patients had a median duration of chronic 

diarrhoea of 9 months before protease therapy was started and spontaneous remission 

of long-lasting diarrhoea in end stage AIDS patients has rarely been described. 

Furthermore, no change in the diarrhoeal pattern was observed during the 4-week 

observation period in the DTG. 

Although the small sample size of our study did not allow a formal analysis to be 

carried out of the relationship between improvement of immunologic markers and 
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amelioration of diarrhoea, it is likely that such a relationship exists. In general, 

chronic HIV-related diarrhoea, cryptosporidiosis and microsporidiosis occur at very 

advanced stages of HIV infection [3,12], Moreover, response in diarrhoeal frequency 

was never observed as long as CD4+ lymphocyte counts stayed below 40-50 x 106 

cells/1. 

Recently, case reports have been published concerning patients with a clinical 

improvement of other highly drug-resistant opportunistic diseases such as azole- and 

amphotericin B-resistant candidiasis [15], Kaposi's sarcoma [16,17], progressive 

multifocal leukoencephalopathy [18] and microsporidiosis [19] with protease 

inhibitor-containing regimens. Together with our results this supports the concept that 

degrees of immune reconstitution can be accomplished by combination antiretroviral 

therapy including a HIV protease inhibitor that are associated with reversal of clinical 

signs and symptoms of opportunistic diseases, even in patients with advanced HIV 

infection. 

We therefore suggest that initiation of potent combination antiretroviral therapy 

should be considered and further be explored as an approach to treat HIV-related 

opportunistic disease manifestations such as chronic diarrhoea, especially when 

specific effective therapy is not available or has failed. In addition, this approach 

allows the design of a new type of clinical endpoint trials, which over short time 

periods could elicit proof of clinical benefit for new antiretroviral treatments. 
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Summary 

Unusual clinical inflammatory syndromes associated with underlying previously 

unrecognized opportunistic infections are increasingly being noted shortly after 

starting highly active antiretroviral therapy (HAART). This study examined the 

possible relationship between such unexpected disease manifestations and in vitro 

parameters of microbial antigen-specific immune reactivity in patients infected with 

HIV-I who had a Mycobacterium avium intracellular e or Mycobacterium xenopi 

infection. 

In vitro T-cell proliferation experiments were performed after specific stimulation of 

a patient's peripheral blood mononuclear cells (PBMC) with M. avium and M. xenopi 

antigen and non-specific stimulation with phytohaemagglutinin (PHA). The results 

were compared with appropriate controls. Five patients who presented with unusual 

clinical syndromes associated with M. avium or M. xenopi infection within weeks of 

experiencing large rises in CD4 cell counts following the initiation of antiretroviral 

therapy. 

In all patients except one, mycobacteria-specific lymphoproliferative responses rose 

significantly following HAART; this was temporally associated with elevations in 

CD4 cell counts and the occurrence of clinical disease. The patient with M. xenopi 

infection appeared to clear his infection subsequently without antimycobacterial 

therapy. In three of the four patients with M. avium infection, antimycobacterial 

treatment could be stopped without recurrence of infection. 

Our findings support the hypothesis that HAART may lead to clinically relevant 

inflammation as a result of restoration of specific immune reactivity against 

microbial pathogens that are subclinically present at the time treatment is initiated. 

Continuation of HAART may subsequently result in protective immunity and 

clearance of infection. 
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Introduction 

The introduction of potent combination antiretroviral therapy, also known as "highly 

active antiretroviral therapy" (HAART), has resulted in reduction of HIV replication, 

increases in CD4' lymphocyte counts and reductions in HIV-related morbidity and 

mortality to a degree that was hitherto rarely observed with less potent antiretroviral 

regimens [1-8]. These findings indicate at least a partial recovery from HIV-induced 

immunodeficiency. The often impressive rises in CD4+ cell counts seen within weeks 

to months following the initiation of HAART have been demonstrated to result 

largely from a rise in CD4" cells of the memory phenotype, with cells with a naive 

phenotype showing a much more limited and slower recovery [9-11]. 

Apart from these changes in CD4+ cell numbers, in vitro improvement both in overall 

T-lymphocyte function and in lymphoproliferative responses specific for certain 

microbial antigens has also been demonstrated in response to HAART [10,12]. 

Clinically, HAART-induced immune recovery may be associated with improvement 

in specific HIV-related opportunistic disease manifestations such as chronic parasitic 

diarrhoea [13,14], progressive multifocal leukoencephalopathy [15,16], treatment-

refractory oral candidiasis [17-19], molluscum contagiosum [20,21] and Kaposi's 

sarcoma [22-24]. However, unusual previously unrecognized syndromes such as focal 

mycobacterial lymphadenitis [25-28], laryngeal Kaposi's sarcoma [29] and vitritis 

(i.e., inflammation of the anterior chamber of the eye) in patients with 

cytomegalovirus (CMV) retinitis [30-32] have also occurred within weeks to months 

after the initiation of HAART. It is suggested that these clinical syndromes may 

represent inflammatory responses that occur as a result of recovery of specific 

immunity directed against smoldering infections patients happen to harbour at the 

time of HAART initiation. 

We present evidence in support of this hypothesis by demonstrating the recovery of 

mycobacteria-specific cellular immune responses in five patients presenting with 

unusual clinical signs of atypical mycobacterial infection shortly after starting 

HAART. 
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Materials and methods 

In vitro T- cell proliferation studies were performed to investigate if specific 

antimycobacterial lymphocytotoxicity had increased during HAART. Cell cultures with 

1.5 x 105 cryopreserved peripheral blood mononuclear cells (PBMC) per well from each 

of the five patients were set up in 96-well round-bottom microtitre plates in a humidified 

atmosphere containing 5% C02 at 37°C. Cells were cultured in RPMI 1640 (Gibco 

BRL, Gaithersburg, Maryland, USA) supplemented with 10% pooled heat-inactivated 

human serum (CLB, Amsterdam, The Netherlands) and antibiotics. Cell cultures were 

stimulated for 7 days with medium alone or 10 ug/mL purified protein derivative (PPD) 

from Mycobacterium avium intracellulare complex (MAC) (patients B-E) or 

Mycobacterium xenopi (Patient A) (Statens Serum Institut, Copenhagen, Denmark). In 

patient A, cells were also stimulated with 35 ug/mL tetanus toxoid (RIVM, Bilthoven, 

The Netherlands) or with 1:50 diluted and extensively dialyzed antigen from Candida 

albicans (HAL, Haarlem, The Netherlands). At day 6, cells were pulsed with 0.2 mCi 

(7.4 kBq) [3H]-thymidine for 18 h before harvesting. Incorporated radioactivity was 

measured on a beta scintillation counter (Betaplate LK.B, Bromma, Sweden). Assays 

were performed in triplicate and results are reported as stimulation indices [counts per 

minute (c.p.m.) obtained for (cells + antigen)/(cells + medium)]. 

HIV-1-negative PBMC from a Mycobacterium bovis Bacille Calmette-Guérin (BCG)-

vaccinated blood donor was used as a cross-reactive control for proliferation upon 

stimulation with PPD from M. tuberculosis, MAC or M. xenopi. PBMC from an HIV-

negative not BCG-boosted individual, from an HIV-infected patient with a known MAC 

infection but without HAART (CD4T count < 50 x 106 cells/1) and from an HIV-infected 

patient without MAC infection were used as controls. 

From all patients, 5 x 104 cells were stimulated with 1 ug/mL phytohaemagglutinin 

(PHA) (Sigma, St. Louis, Missouri, USA) as a positive control for non-specific T-cell 

reactivity. Cultures were kept for 3 days and at day 2 [ H]-thymidine was added for 18 h. 

The laboratory technician was not aware of the patients' exact case histories when 

performing the assay but was aware of whether a sample belonged to the patients or to 

the controls. 

Plasma HIV RNA levels were measured in serum using the NASBA assay (Organon 

Teknika, Oss, The Netherlands) as described [33]. 
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Results 
Patient A 

Patient A is a 38-year-old homosexual man who in June 1995 after his CD4+ cell 

count had dropped to 19 x 106 cells/1 despite the use of nucleoside analogues added 

ritonavir to his treatment [34]. He was on fluconazole prophylaxis because of 

recurrent candidiasis, but he did not use MAC prophylaxis. Several months before 

starting ritonavir, he started complaining of night sweats, weight loss, fever, loose 

stools and a persistent non-productive cough. A diagnostic work-up including direct 

smears and culture of sputum and stool for mycobacteria, showed no abnormalities. 

After starting ritonavir, impressive rises of CD4+ and CD8+ cell counts were observed, 

with a concomitant 3 log decrease in plasma HIV-1 RNA levels (Figure 1A). One 

month after starting ritonavir, he again became febrile and developed watery 

diarrhoea. A chest X-ray and a computed tomographic (CT) scan of the chest showed 

multiple bilateral nodular changes and some left-sided pleural fluid. A bronchoscopy 

with bronchoalveolar lavage (BAL) and transbronchial biopsies were performed, but 

no pathogens, including acid-fast bacilli, were demonstrated. During the following 

week, the fever disappeared and the diarrhoea improved without specific treatment. 

At this time, a sputum culture that had been obtained prior to starting ritonavir was 

reported to grow M. xenopi. The same microorganism was later also cultured from 

stool and sputum specimens obtained both several days before and directly after the 

BAL. In view of the resolution of clinical symptoms, specific antimycobacterial 

treatment was withheld. Three months later, the patient's bowel movements had 

normalized and his cough lessened. Repeated cultures of sputum, stool, blood and 

urine remained negative for mycobacteria. A CT scan of the chest was repeated and 

showed a clear improvement of prior abnormalities. Although CD4' and CD8+ 

lymphocyte counts have gradually declined since, he remains free from any signs or 

symptoms of M xenopi infection. Fluconazol prophylaxis was discontinued without 

recurrence of oropharyngeal candidiasis. 

Patient B 

Patient B is a 37-year-old woman who acquired HIV-1 infection in 1993. In June 

1995, her CD4+ cell count had declined to < 10 x 106 cells/1 despite treatment with 

nucleoside analogues. In December 1995, indinavir 800 mg three times a day was 

started. Ten days later she was admitted to the hospital because of fever (39.4 °C), 
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weight loss, nausea and dyspnoea. On examination, the heart and lungs appeared 

normal, but the liver was palpable 2 cm below the right costal margin. Laboratory 

tests on admission showed a rise in alkaline phosphatase and aspartate 

aminotransferase, as well as a prolongation of prothrombin and partial thrombo

plastin times compared with values prior to starting indinavir. The CD4+ lymphocyte 

count, which had been < 10 x 106 cells/1 at baseline, had risen to 160 x 106 cells/1 but 

decreased rapidly after antiretroviral therapy was interrupted on admission (Figure 

IB). A radiograph of the chest was normal. Abdominal ultrasound revealed 

hepatosplenomegaly without focal abnormalities. A liver biopsy was performed and 

revealed scattered granulomas containing acid-fast bacilli. Cultures of bone marrow 

and blood drawn on admission as well as a specimen of hepatic tissue later all 

revealed MAC. Anti-MAC treatment was initiated and 3 weeks after admission the 

patient was rechallenged with indinavir. This resulted for the second time in a rise of 

the CD4+ lymphocyte count from 10 x 106 cells/1 to 120 x 106 cells/1. This occurred 

within 21 days of starting treatment and now was accompanied by impressive 

mediastinal lymphadenopathy and ulceration of a supraclavicular lymph node, from 

which MAC could be cultured repeatedly. She recovered fully after 1 year of 

antimycobacterial therapy. She has been without any signs of MAC infection for 6 

months after MAC treatment was discontinued. 

Patient C 

Patient C, a 34-year-old homosexual male seropositive for HIV-1, started zidovudine 

and zalcitabine in 1995 after his CD4+ lymphocyte count had declined to 40 x 106 

cells/1. One month later his CD4" lymphocyte count had risen to 200 x 106 cells/1 

(Figure 1C). At that time he complained of fever and abdominal discomfort. A CT 

scan of the abdomen revealed multiple enlarged retroperitoneal lymph nodes. An 

intraperitoneal necrotic mass was aspirated. Acid-fast bacilli were seen and the 

culture grew MAC. Blood and stool cultures remained negative. After starting 

antimycobacterial treatment, he fully recovered and MAC therapy was stopped after 7 

months. So far he has remained free of MAC-associated disease for 2 years. 

Patient D 

Patient D, a 38-year-old HIV-1-seropositive man, was diagnosed with AIDS in 1994 

when he developed Pneumocystis carinii pneumonia. In 1995, lamivudine and 
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saquinavir were added to his therapy with zidovudine because of a high plasma HIV 

RNA level. Twelve weeks later, when his CD^T lymphocyte count was found to have 

risen from 20 x 106 cells/1 to 100 x 106 cells/1, he was admitted to hospital because of 

cough and abdominal discomfort (Figure ID). A chest X-ray revealed a dense 

infiltrate in the right lung. A CT scan of the abdomen showed enlarged para-aortic 

lymphadenopathy. Examination of stool and sputum showed acid-fast bacilli, and 

MAC was cultured from both specimens. Blood cultures remained negative. Although 

a positive sputum and stool culture is not definitive proof of MAC-associated disease, 

this finding in combination with a pulmonary infiltrate and extensive mediastinal and 

para-aortic lymphadenopathy in the absence of an alternative explanation strongly 

suggested generalized infection and antimycobacterial therapy was started. The 

diagnosis was supported by the subsequent course, which showed that 7 months later 

the patients had fully recovered and MAC treatment could be discontinued without 

recurrence of clinical signs and symptoms of mycobacterial infection. 

Patient E 

Patient E is a 30-year-old HIV-1-seropositive female who is a former intravenous 

drug user. She started zidovudine in 1994 after she had developed candidal 

oesophagitis. In March 1996, she entered hospital with MAC enteritis. She decided to 

stop all antiretroviral and antibiotic drugs in June 1996. Subsequently, MAC was 

again cultured from sputum, stool and blood. HAART consisting of saquinavir, 

stavudine and lamivudine, as well as antimycobacterial treatment, was started at a 

time when her CD4* lymphocyte count was < 10 x 106 cells/1. Eight days after the 

start of HAART, she became severely ill with fever, cough and shortness of breath. A 

chest X-ray showed patchy lesions in the right lower lung and a considerable 

widening of the superior mediastinum caused by lymphadenopathy (Figure 2). A 

mediastinal lymph node was aspirated and showed granulomatous inflammation. 

Culture of the lymph node grew MAC. Plasma HIV RNA levels at that time had 

decreased to below the detection limit of 1000 copies/ml. CD4T cell counts increased 

significantly in the ensuing weeks (Figure IE), but decreased again during the 

subsequent months. After ritonavir was added to her regimen, the same clinical 

syndrome was observed within 4 weeks and MAC was again isolated from blood and 

stool. 
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B C D 

2 2 

Figure IF 

Figure 1A-F 

Changes occurring in five patients (A-E) after starting highly active retroviral treatment (HAART). 1, CD4* cell 

count and plasma HIV RNA; 2. non-specific T-cell proliferation after stimulation with phytohaemagglutinin 

(PHA) (normal value > 17000 c.p.m.); 3, T-cell proliferation index in patient A after stimulation with M. 

xenopi, Candida and tetanus purified antigens and in patients B-E after stimulation with Mycobacterium avium 

complex (MAC) purified antigen (x-fold expansion over background). Timepoint 0 is the first moment a new 

highly active antiretroviral therapy was started. The arrows indicate the moment of unmasking or paradoxical 

worsening of disease, t Patient E was not fully compliant to the antiretroviral therapy during this period. AZT, 

zidovudine, ddl, didanosine. ddC. dideoxycytidine, 3TC, lamivudine, d4T, stavudine. Graph F shows the 

proliferative responses of peripheral blood mononuclear cells (PBMC) in response to mycobacterial antigens. 

The stimulation index is expressed as the ratio of T-cell proliferation with the specific antigen to the background 

(stimulation index values 0-2 are considered to be comparable to the background value) Lane A, high cross-

reactive responses are observed after stimulation of PBMC from a healthy BCG vaccinated donor with purified 

antigen of M tuberculosis, M. xenopi, and MAC. Lane B, there is no response after stimulation with M. xenopi 

and MAC in a healthy, not boosted donor. Lane C, stimulation with MAC did not provoke a specific response in 

a HIV-1-infetced patient not receiving HAART with disseminated MAC infection. Lane D, there was no 

significant proliferation after stimulation with MAC in a HIV-1 infected donor without MAC infection. 
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Figure 2A 
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Figure 2B 

Chest X-ray of patient IE obtained before (A) and 2 weeks after (B) start of highly active antiretroviral therapy 

(HAART). Following HAART, the widening of the mediastinum, bilateral hilar lymphadenopathy, and a right 

middle lobe infiltrate became apparent. 
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in vitro studies 

The in vitro T-cell proliferation studies with MAC and M. xenopi antigens revealed 

that spontaneous proliferation by cells from an immunocompetent person was 

extremely low compared of cells from a healthy control who was recently vaccinated 

with BCG (Figure IF). The cells from two HIV-1-seropositive control patients 

likewise showed no response, regardless of whether they had MAC infection or not. 

All the patients studied had severe HIV-related immunodeficiency and were anergic 

for both mycobacterial antigens before receiving HAART (Figure 1A-E). After 

starting HAART, improvement of specific T-cell immunity to mycobacterial antigen, 

as indicated by an increased stimulation index, was observed in all the patients except 

patient B. In addition, in patient A an improvement of specific immunity to the recall 

antigen C. albicans was also observed (Figure 1A). The other patients did not show 

any change of specific immunity to C. albicans (data not shown). 

Although in patient B a measurable increase in specific antimycobacterial immunity 

was not observed, an increase in non-specific proliferation to PHA could be 

demonstrated. In patient E the increase in T-cell proliferation following specific 

stimulation with mycobacterial antigen could only be demonstrated during the second 

episode of the HAART-associated clinical syndrome, as PBMC samples were not 

available from the time of the first episode. 

In all patients with measurable increases in T-cell proliferation specific for 

mycobacterial antigens, these changes coincided with increases in CD4+ T-cell counts 

and the start of clinical signs and symptoms. Although in most patients both the 

increase in CD4+ cells and the improved in vitro proliferative responses were not 

sustained, no relapses of their mycobacterial infections have been diagnosed to date. 

Discussion 

We describe five HIV-1-infected patients who unexpectedly presented with clinically 

unusual and severe manifestations of an atypical mycobacterial infection shortly after 

starting effective antiretroviral therapy and coinciding with a major rise in CD4+ cells. 

The rapidly progressive presentation in most of the patients, with severe pulmonary 
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symptoms (patients A, D and E), evidence of hepatic decompensation (patient B) and 

impressive mediastinal lymphadenopathy (patients B and E), was markedly different 

from that of disseminated MAC infection in the pre-HAART era. The typical 

presentation at that time was with a prolonged febrile illness accompanied by general 

malaise, weight loss, anaemia and sometimes chronic diarrhoea in patients with, 

virtually without exception, very advanced HIV disease and a CD4+ T-cell count of 

less than 50 x 10 cells/1 [35]. The occurrence of disease within weeks to a few 

months after starting HAART, suggested that mycobacterial infection was already 

present subclinically or only marginally symptomatic at the time of starting HAART. 

This was definitively proved in two patients. Unmasking or paradoxical worsening of 

mycobacterial infection may have resulted from intensified inflammatory responses 

caused by the sudden increase of lymphocytes specifically reacting against 

mycobacterial antigens. The early rises in CD4+ and CD8+ lymphocytes observed 

shortly after commencing HAART are mainly explained by rises in memory T cells 

[9]. The presence of immunological memory specific for mycobacterial antigens is to 

be excepted in patients with advanced HIV infection, who commonly have subclinical 

MAC infection [25]. Following HAART, this may result in preferential recruitment of 

specific T cells towards the site of subclinical infection. These cells are known to 

consist predominantly of CD4+ T cells, which produce antigen-dependent cytotoxicity 

as well as macrophage activation [36-39]. In patients with advanced and untreated 

HIV infection, absence of such cells typically results in poor granuloma formation 

and a high bacillary load. The finding of granulomas containing only modest numbers 

of mycobacteria in the liver biopsy of patient B supports our hypothesis of the 

occurrence of a more normal specific immune response. MAC itself is by and large 

not cytotoxic and tissue damage in the context of MAC infection is mainly the result 

of the specific immune response against the organism, leading to the release of 

various inflammatory cytokines [40,41]. It is understandable why a sudden and much 

intensified specific immune response following HAART could result in clinically 

overt signs and symptoms of inflammation. The results in four of the five patients of 

the ex vivo experiments, which demonstrated an increase in mycobacteria-specific 

lymphocyte reactivity at the time of presentation with clinical disease shortly after 

commencing HAART, supports the suggested immunopathogenesis. 

The clinical course of patient A not only illustrates immunopathological reactions 

after HAART but also exemplifies the potential for HAART-associated 
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immunoprotection, as manifested by the subsequent clearance of M. xenopi without 

the administration of specific antimycobacterial therapy. Spontaneous clearance of M 

xenopi infection has been reported [42] but seems unlikely in this patient, who had a 

CD4+ cell count of less than 20 x 106 cells/1 prior to treatment with ritonavir. 

The recent reports of vitritis in conjunction with CMV retinitis in patients who 

recently started HAART [30,32] probably represent examples of the same 

immunopathological mechanism, as suggested by ourselves and others for 

mycobacterial infections [28]. An increase in a specific lymphoproliferative response 

to CMV following HAART has indeed been reported [12]. The same 

immunopathology has been suggested concerning the recently reported exacerbations 

of chronic viral hepatitis following HAART [43,44]. 

A minimum degree of restoration of HIV-induced immunodeficiency is probably 

needed for these immunopathological responses to occur. This is to likely to be 

achieved more often with the current HAART regimens. Occasionally, the same 

phenomenon may be observed with just nucleoside analogue combinations, as was 

demonstrated in patient C and has previously been demonstrated by French et al. [45]. 

In conclusion, with the widespread use of HAART sudden profound improvement in 

cellular immunity is increasingly being achieved. On the one hand, this may be 

associated with clinical remission of opportunistic diseases that are present at the time 

and may allow the discontinuation of opportunistic infection-specific prophylactic 

therapies. On the other hand, clinicians prescribing HAART should also be aware of 

the increased potential for the occurrence of unusual inflammatory syndromes during 

the early phases of the treatment, which may be indicative of an immune response 

against smoldering underlying opportunistic infections. This is especially pertinent 

when considering HAART in patients with advanced HIV infection. Discriminating 

between such an expression of specific immunopathology and an adverse reaction to 

the newly instituted antiretroviral treatment may be difficult but would be important 

in deciding whether to interrupt or continue HAART. In the former, if clinically 

acceptable, continuation of HAART would be the preferred option in order for 

protective immunity against the underlying infection to take precedence ultimately 

and to help to control the infection. 
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Discussion 

Various antiretroviral combination regimens have been compared with regard to their 

potency to suppress plasma HIV-1 RNA levels. In addition, insights regarding the 

development of viral drug resistance, virus distribution among different body 

compartments and the immunologic effects of antiretroviral therapy have become 

important in trying to optimise the effects of treatment. 

No single specific triple combination regimen is advised at this moment for the 

initiation of therapy in antiretroviral-naive patients. Current guidelines generally 

advocate to include a combination of two nucleoside analogue reverse transcriptase 

inhibitors (NRTI's) and at least one protease inhibitor (PI) or non-NRTI (NNRTI) (1). 

We and others have found that the NRTI combination of d4T plus 3TC over the long-

term results in a significantly higher CD4f cell count compared with the combination 

of AZT plus 3TC (2-4). As higher CD4" cell counts are associated with a reduced risk 

of morbidity and mortality (5), the choice for the particular NRTI component of an 

antiretroviral regimen may be influenced by such a finding. One may expect that in 

the future the choice between specific drug combinations which are equally 

efficacious in virologie terms will be driven partially by differences in their 

immunologic profile as characterised by their effects on the CD4" cell count, the 

CD8+ cell count, the CD47CD8+ cell ratio and the recovery of immune functions 

assessed in vitro. Beside the virologie and immunologic effects of antiretroviral 

regimens, the choice between specific regimens will increasingly be determined by 

their short- and longer term toxicities. 

Increasing plasma HIV-1 RNA levels during antiretroviral therapy are considered as a 

sign of virologie treatment failure. Insufficient drug pressure, e.g. due to non

compliance and the subsequent development of resistance are the main causes for 

virologie treatment failure. According to international guidelines it is advised to 

replace, as much as possible, all drugs which compose a failing regimen (1). This 

concept may be challenged in the future, as certain mutations in the viral genome may 

actually confer a benefit in the context of treatment. We found an unexpected 

sustained degree of plasma HIV-1 RNA suppression in patients who had been treated 

with d4T plus 3TC or AZT plus 3TC with the addition of indinavir after 12 weeks, 
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despite the presence of high level 3TC resistance in all patients tested prior to the 

addition of indinavir. This treatment strategy, which theoretically in view of the 

appearance of 3TC resistance had been reduced to a double combination regimen of 

d4T or AZT plus indinavir, after 72 weeks showed results in terms of HIV 

suppression which were comparable to those of standard concomitant triple drug 

regimens. Results of two other trials with sequential addition of a protease inhibitor to 

3TC-containing regimens have shown similar results (6,7). These findings are in stark 

contrast to the loss of viral suppression which was observed after the withdrawal of 

3TC therapy in patients in whom concomitant triple combination therapy with AZT 

plus 3TC plus indinavir had resulted in HIV suppression to an unquantifiable level 

(8). These intriguing results might be explained to some extent by a reduction in viral 

fitness which has been demonstrated to occur in the context of high level 3TC 

resistance (9). Potentially, these results may provide a rationale for maintaining the 

use of 3TC in future salvage regimens when virologie failure has occurred during the 

prior use of 3TC-containing regimens. Recently, similar results have been reported 

concerning genotypic indinavir associated resistance (10). Clinical trials are currently 

being designed to address the potential benefit of such a strategy. 

Another major consideration in treating HIV infection is to target the virus in all body 

compartments, including possible sanctuary sites such as the central nervous system 

and the male and female genital tracts. Therapeutic regimens may be expected to fail 

if there is ongoing production and seeding of viral particles in such protected sites, 

despite adequate suppression of viral replication in the peripheral blood. Suppression 

of virus in these sanctuary sites supposedly largely depends on the concentration of 

antiretroviral drugs achieved in these compartments and the drug susceptibility of the 

virus within these sites. The central nervous system (CNS) is an important sanctuary 

site which is difficult to investigate directly. One way of trying to assess the 

penetration of antiretroviral drugs into the CNS is the measurement of drug levels in 

the cerebrospinal fluid (CSF). One should realise, however, that CSF-levels are likely 

to incompletely reflect levels within the brain. Drug levels in the CSF not only reflect 

passive diffusion between CNS and CSF, but are also influenced by active transport 

mechanisms present in the blood brain barrier (11). Nevertheless, at this moment, the 

best measure of antiviral drug efficacy in the CNS may be to assess the effect of 

treatment on CSF HIV-1 RNA levels. 
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Consistent with the hypothesis that viral replication within the CNS may occur 

independently from that in plasma, is the finding of the concomitant presence of drug-

sensitive viral mutants in the brain/CSF and drug-resistant strains in the blood (12-

14). Knowledge about such discordant drug resistance patterns between different 

body compartments may be important in designing treatment strategies for HIV 

infection. Discordant resistance patterns may be discovered by repeated sampling of 

CSF prior to the initiation of and during treatment. Currently CSF sampling is 

occasionally being performed as part of research protocols. In the future it may prove 

useful to assess CSF HIV-1 RNA and drug resistance patterns as part of routine 

clinical practice, as one of the tools to safeguard sustained virologie benefit of 

therapy. 

In this thesis we have described the unmasking after the initiation of HAART of 

clinically silent mycobacterial infections which presented as unusual clinical 

syndromes in patients with late stage HIV infection. Similar unusual clinical 

syndromes shortly after starting HAART have been reported by others, not only 

involving patients with Mycobacterium avium infection, but also those with 

cytomegalovirus (CMV) infection, progressive multifocal leucoencephalopathy, 

cryptococcal infection, viral hepatitis, and Kaposi's sarcoma. (15-25). Recognition of 

this syndrome might be of clinical importance as it should not be confused with 

toxicities resulting from the newly instituted antiretroviral drugs. In case there is no 

toxicity, if clinically acceptable, continuation of HAART would be the preferred 

option in order for protective immunity against the underlying infection to ultimately 

take precedence and help in controlling the infection. One may speculate that in case 

of severe immunopathologic reactions clinical control of such reactions may be 

achieved by the administration of steroids or non-steroidal anti-inflammatory agents. 

When considering such a strategy one should realise, however, that the use of 

indomethacin in mycobacterial infection has been associated with enhanced 

production of TNFa which at least partial contributes to pro-inflammatory responses 

and thus may in fact exaggerate the clinical syndrome (26,27). 

We and other investigators have shown that an improved immunologic response after 

starting HAART may contribute to clearance of opportunistic infections without 

specific antimicrobial therapy (15,16). These observations strongly suggest that 

discontinuation of opportunistic infection-specific prophylactic or maintenance 
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therapies may likewise be possible in the wake of improved cellular immunity through 

the use of HAART. Several studies have meanwhile been reported showing this to be 

the case (21,25,28-31). For some opportunistic infections in particular, such as CMV, 

the potential for confidently discontinuing maintenance therapies, is expected to 

significantly improve patients' quality of life, and to have a major impact in reducing 

health care costs 

The discovery of new nucleoside analogue reverse transcriptase inhibitors (NRTI's), 

protease inhibitors (Pi's), non-nucleoside reverse transcriptase inhibitors (NNRTI's), 

and the possibility to reliably measure HIV-1 RNA levels have enormously expanded 

the armamentarium of physicians in trying to reach this goal. Nevertheless, although 

some qualitative and quantitative degree of reconstitution of immunity can be 

achieved leading to improved morbidity and mortality rates, persistent HIV infection 

remains the rule and eradication has so far never been demonstrated. Despite long-

term viral suppression to below the lower limit of quantification of the most sensitive 

HIV-1 RNA PCR assays, continued HIV-messenger RNA expression and ongoing 

evolution within the HIV gp-120 envelope region have been shown, indicating 

persistent low level viral replication (32,33). Thus for the moment, chronic 

suppression of HIV-1 RNA replication by chronic use of potent antiretroviral 

combinations is the best achievable. From a virologie and immunologic point of view 

it is advised to start antiretroviral therapy as soon as possible, however, this strategy 

will be challenged by long-term toxicity of antiretroviral agents like lipodystrophy, 

increased risk of mitochondrial dysfunction and the difficulty of adherence to a high 

pill burden for an indefinite period of time (34-40). 

We should also realise that future treatment options may be compromised by 

increasing circulation of resistant HIV-1 strains. Therefore, development of new 

antiretroviral agents and classes of agents that are non-cross resistant with currently 

available agents remains necessary. 
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Summary 

The use of antiretroviral drugs has had a major influence on the morbidity and 

mortality from this infection. No more than 10 years have passed between the time 

when physicians were uncertain whether or not to start treatment with AZT 

monotherapy and the issuing of official guidelines by 'The International AIDS Society 

USA' to start antiretroviral therapy with at least a triple drug regimen. Within this 

period an unprecedented number of new drugs has been developed and many new 

insights concerning the optimal use of these drugs have been gained. This progress is 

reflected in the contents of this thesis. 

In Chapter 1 a general introduction on the studies reported in this thesis is provided, 

as well as a short history of antiretroviral therapy. 

In Chapter 2 the design and results of a randomised-controlled trial comparing 

initiation of therapy with lamivudine (3TC) with either zidovudine (AZT) or 

stavudine (d4T) followed by the addition of indinavir after 12 weeks is described. 

This is the first prospective trial in which these particular nucleoside analogue 

combinations have been compared. Forty-seven patients with a baseline HIV-1 RNA 

level of £ 10,000 copies (c)/mL and a CD4+ cell count > 200/uL were randomised to 

either the AZT/3TC group (24) or the d4T/3TC group (23). If the plasma HIV-1 RNA 

level had not dropped below 500 c/mL at week 8 or thereafter indinavir was added to 

their regimen. Although the plasma HIV-1 RNA levels were significantly lower at 

week 12 compared to the baseline values, the majority of the patients showed a rise of 

plasma HIV-1 RNA levels compared to week 8. This viral rebound was most likely 

attributed to the development of a M184V mutation associated with high level 3TC 

resistance, which was found in 23/23 patients. Eighty-seven percent of the patients 

had started indinavir before week 24, with a median at week 16. After the addition of 

indinavir, plasma HIV-1 RNA levels dropped below 500 c/mL at week 24 in 75% of 

patients in the AZT/3TC group and in 95% of patients in the d4T/3TC group. The 

CD4+ cell count improved in both treatment groups, but this increase was significantly 

higher in the d4T/3TC group. 

In Chapter 3 a neurologic substudy of the trial discussed in chapter 2 is described. In 

a subset of patients who participated in the main study a lumbar puncture was 

performed at baseline and after 12 weeks of nucleoside analogue therapy prior to the 
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addition of indinavir. The effect on the cerebrospinal fluid (CSF) HIV-1 RNA and the 

concentration in plasma and CSF of the study drugs were measured. 

Twenty-eight patients were willing to participate in this neurologic substudy (17 in the 

AZT/3TC group and 11 in the d4T/3TC group). All patients were neurologically 

asymptomatic. Contrary to our expectations all patients had a measurable CSF HIV-1 

RNA level at baseline (median 4.64 and 4.20 logio copies/mL in the AZT/3TC and 

d4T/3TC group, respectively). No correlation was found between the plasma and CSF 

HIV-1 RNA levels. 

At week 12, CSF HIV-1 RNA levels were undetectable in all patients. Apart from 

confirming the well known penetration of AZT into the CSF, we also found levels of 

3TC and d4T in the CSF which were above reported IC95 values for wild-type virus. 

The concentrations over time of nucleoside analogues in the CSF were far more stable 

than the concentrations over time in plasma. 

Chapter 4 shows the results of the 72-week follow-up of the comparative trial with 

d4T/3TC and AZT/3TC. As more sensitive plasma HIV-1 RNA assays became 

available over time, it became clear that suppression of plasma HIV-1 RNA levels to 

extremely low values is necessary to achieve durable suppression of HIV-1 RNA 

replication. For this reason we retrospectively analysed stored samples from patients 

obtained after 48 and 72 weeks of therapy with one of the newer ultrasensitive HIV-1 

RNA assays. Moreover, eleven patients were willing to have a third lumbar puncture 

performed at week 48, allowing in likewise measure the determination of CSF HIV-1 

RNA levels at week 12 and week 48 with the ultrasensitive assay. As indinavir was 

added to the double nucleoside combination in the majority of patients, we also were 

able to measure indinavir concentrations in plasma and CSF at week 48. Remarkably, 

we found that most of the patients had undetectable levels of plasma HIV-1 RNA in 

the ultrasensitive assay both at week 48 and week 72. This result was surprising as 

3TC resistance had been found in all patients tested. Despite this resistance, the 

median plasma HIV-1 RNA levels in the AZT/3TC group had decreased at week 72 

from 4.80 log]0 c/mL to below 500 c/mL in all patients and to below 50 c/mL in 

86.6% of the patients. In the d4T/3TC group the plasma HIV-1 RNA levels had 

decreased from 4.98 log10 c/mL at baseline to below 500 c/mL in all patients and to 

below 50 c/mL in 66.7% of the patients. On an intention-to-treat basis these figures 

were 54.2% and 52.2%, respectively, for the 50 c/mL assay. All patients had a CSF 

HIV-1 RNA level below the limit of detection at week 48. 
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The CD4+ cell response after 72 weeks in the d4T/3TC group continued to be superior 

compared to that in the AZT/3TC arm. An increase of 150 CD4+ cells/uL in the 

AZT/3TC arm and 310 CD4+ cells/uL in the d4T/3TC arm (p=0.0001) was observed. 

The CSF indinavir concentration ranged from 50-170 ng/mL. These values compared 

favourably with the IC95 for drug sensitive virus reported in the literature (17-63 

ng/mL). 

In the last two articles described in Chapters 5 and 6, the effects were studied of 

immune recovery on some opportunistic diseases which patients harboured at the 

moment of start of a new potent antiretroviral therapy. 

In Chapter 5, we tested the hypothesis that antiretroviral drug-induced immune 

recovery might clinically benefit patients suffering from treatment-resistant diarrhoea. 

In an open label prospective trial, fourteen patients with severe immune deficiency 

(CD4+ cell count < 50 c/mL) and chronic untractable diarrhoea caused by the 

Enterocytozoon bieneusi, Cryptosporidium parvum, or of unknown course, had 

indinavir added to their current medication. After 24 weeks of therapy the frequency 

of diarrhoea had decreased from a median of 5.8 to 2.3 times daily. Moreover, the 

consistency of the diarrhoea had improved. Before therapy 56% of all stools were 

watery and 44 % were loose. After 24 weeks of therapy 50% were loose and 50% of 

the stools were formed. The patients' body weight had increased by a median of 6.6 

kg. Remarkably, in two patients with diarrhoea caused by E. bieneusi, this parasite 

could no longer be found after 24 weeks. In another patient this parasite disappeared 

during the extended follow-up. The two patients with C. parvum had negative stool 

specimens after 12 weeks. This study shows that morbidity due to clinically severe 

opportunistic diseases may be decreased with the use of potent antiretroviral therapy. 

Pathogens for which no curative treatment is known may have even been eradicated 

in some patients. Also in patients in whom the cause of diarrhoea was unknown, the 

addition of a protease inhibitor was shown to be of clinical benefit. 

In Chapter 6 we describe a series of observations indicating that opportunistic 

infections subclinically present at the moment of start of a new potent antiretroviral 

drug regimen, could become unmasked by the induction of partial recovery of specific 

immunity against these infections. In five patients who presented with unusual signs 

and symptoms of an atypical mycobacterial infection (infection with Mycobacterium 

avium in four and Mycobacterium xenopi in one patient) shortly after the initiation of 

highly active antiretroviral therapy, specific immunity against mycobacterial antigens 

was assessed. 
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In vitro T-cell cytotoxicity was measured both before the start of a new potent 

antiretroviral regimen and a few weeks thereafter, when symptoms of a previously 

clinically latent mycobacterial infection appeared concomitant with an increase in 

CD4+ cells. In four of the five patients a significant increase of specific cytotoxicity 

against the mycobacterial antigens was observed. In the patient with M. xenopi 

infection, a subsequent resolution of all clinical symptoms occurred and the pathogen 

was cleared without the use of specific anti-mycobacterial therapy. In three of the four 

patients with M. avium infection the disease symptoms disappeared and the 

antimycobacterial therapy could be stopped without the occurrence of a relapse. This 

finding is in sharp contrast with the pre-protease inhibitor era when survival of 

patients with M. avium infection generally was limited and recovery from this 

infection was extremely rare. 
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Samenvatting 

Het gebruik van antiretrovirale middelen heeft de prognose van HIV-1 geïnfecteerde 

patiënten, zowel in de zin van morbiditeit als mortaliteit, in gunstige zin beïnvloed. 

Binnen 10 jaar is er een verschuiving opgetreden van onzekerheid over het nut van 

AZT monotherapie naar de aanbeveling om anti HIV-1 therapie te starten met 

tenminste drie verschillende antiretrovirale middelen (richtlijnen van de International 

AIDS Society USA). 

In deze tijd werd een groot aantal nieuwe middelen ontwikkeld en ontstonden nieuwe 

inzichten over het optimale gebruik van deze middelen. Enkele nieuwe aspecten van 

antiretrovirale therapie worden beschreven in dit proefschrift. 

Hoofdstuk 1 is een algemene inleiding op de studies die in dit proefschrift worden 

beschreven. Aan de hand van een kort overzicht van de geschiedenis van de 

antiretrovirale therapie wordt een achtergrond geschetst waartegen de in dit 

proefschrift beschreven studies zich afspeelden. 

Hoofdstuk 2 beschrijft de methodologie en de resultaten van een gerandomiseerde 

studie, waarin lamivudine (3TC) met enerzijds zidovudine (AZT) en anderzijds 

stavudine (d4T) met toevoeging van indinavir vanaf week 12 worden vergeleken. Dit 

is de eerste prospectieve studie waarin deze combinaties van nucleoside analogen 

worden vergeleken. Zevenenveertig patiënten met een HIV-1 RNA uitgangswaarde 

van > 10.000 copieën (c)/mL en een CD4+ aantal van > 200/u.L werden 

gerandomiseerd tussen de AZT/3TC arm (24) of de d4T/3TC arm (23). Indien de 

plasma HIV-1 RNA waarde in week 8 of later niet lager was geworden dan 500 c/mL, 

werd indinavir aan de medicatie toegevoegd. Hoewel de plasma HIV-1 RNA waarden 

in week 12 significant lager waren dan de uitgangswaarden voor start van de therapie, 

werd bij de meerderheid van de patiënten weer een toename van de plasma HIV-1 

RNA waarden waargenomen ten opzichte van die van week 8. Deze toename was 

waarschijnlijk te wijten aan het ontstaan van de 3TC resistentie-geassocieerde M184V 

mutatie die in alle 23 hiervoor geteste patiënten kon worden aangetoond. Zeventachtig 

procent van de patiënten startten met indinavir voor week 24 (mediaan week 16). Na 

toevoeging van indinavir daalden de plasma HIV-1 RNA waarden tot onder 500 c/mL 

in week 24 bij 75% van de patiënten in de AZT/3TC arm en bij 95% van de patiënten 

in de d4T/3TC arm. Het aantal CD4+ cellen verbeterde in beide behandelingsarmen, 

maar deze toename was significant groter in de d4T/3TC arm. 
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Hoofdstuk 3 beschrijft een neurologische deelstudie van het onderzoek uit hoofdstuk 

2. Bij een aantal van de deelnemers werd een lumbaalpunctie verricht bij het begin 

van de studie en na 12 weken antiretrovirale therapie. Het effect van de bestudeerde 

middelen op de HIV-1 RNA waarden in de liquor cerebrospinalis en de concentraties 

van de studiegeneesmiddelen in plasma en liquor cerebrospinalis werden gemeten. 

Achtentwintig patiënten stemden toe in deelname aan deze neurologische deelstudie 

(17 AZT/3TC en 11 d4T/3TC). Geen van de deelnemende patiënten had 

neurologische symptomen. Onverwacht bleken alle patiënten meetbare HIV-1 RNA 

waarden in de liquor cerebrospinalis te hebben (mediaan 4.64 en 4.20 log10 c/mL, 

respectievelijk in de AZT/3TC en de d4T/3TC arm). Er werd geen correlatie 

gevonden tussen HIV-1 RNA waarden in plasma en in de liquor cerebrospinalis. Na 

12 weken behandeling kon bij geen van de patiënten HIV-1 RNA in de liquor 

cerebrospinalis worden aangetoond. Naast AZT, waarvan het penetrerend vermogen 

in de liquor cerebrospinalis reeds is vastgesteld, werden ook concentraties 3TC en 

d4T in de liquor cerebrospinalis gevonden boven de remmende concentratie (IC95) 

van de meeste wild-type HIV-1 virussen. Het concentratieverloop van de nucleoside 

analogen in de liquor cerebrospinalis over de tijd was stabieler dan het 

concentratieverloop van deze middelen in plasma. 

Hoofdstuk 4 toont de resultaten van de d4T/3TC en AZT/3TC studie (hoofdstuk 2) na 

72 weken follow-up. Omdat er inmiddels plasma HIV-1 RNA testen beschikbaar 

kwamen die een lagere detectiegrens hadden en omdat aangetoond was dat een 

grotere mate van remming van de virusreplicatie gepaard ging met een langduriger 

remming van de virusreplicatie, werd een verbeterde, ultrasensitieve test gebruikt om 

plasma HIV-1 RNA waarden van week 48 en 72 te meten in bewaarde bloed- en 

liquormonsters van de patiënten. Bovendien bleken 11 patiënten bereid te zijn een 

derde lumbaalpunctie te ondergaan in week 48. De HIV-1 RNA concentraties in de 

liquor cerebrospinalis werden met de ultrasensitieve test gemeten in week 12 en 48. 

Omdat de meerderheid van de patiënten inmiddels ook indinavir gebruikte, konden 

we indinavir concentraties meten in plasma en in de liquor cerebrospinalis in week 

48. 

In week 72 bleken de meeste patiënten met de ultrasensitieve test ondetecteerbare 

waarden van HIV-1 RNA in plasma te hebben. Dit was een opmerkelijk resultaat, 

omdat bij alle geteste patiënten, zoals hierboven al beschreven werd, 3TC resistentie 

aangetoond was. 
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Desondanks was de mediane plasma HIV-1 RNA waarde in week 72 in de AZT/3TC 

arm gedaald van 4,80 log10 c/mL naar minder dan 500c/mL bij alle, en naar minder 

dan 50 c/mL bij 86,6% van de patiënten. In de d4T/3TC arm daalde de plasma HIV-1 

RNA waarde van 4,98 log10 c/mL naar minder dan 500 c/mL bij alle en minder dan 50 

c/mL bij 66,7% van de patiënten. Weergegeven volgens een 'intention to treat' 

analyse waren deze laatste getallen respectievelijk 54,2% en 52,2% (met de 

ultrasensitieve test). Alle patiënten hadden een HIV-1 RNA waarde in de liquor 

cerebrospinalis onder de detectiegrens in week 48. De CD4+ respons na 72 weken 

behandeling was significant beter in de d4T/3TC arm dan in de AZT/3TC arm. Er 

werd een toename van 150 CD4+ cellen/uL in de AZT/3TC arm en van 310 CD4+ 

cellen/uL in de d4T/3TC arm (p=0,0001) waargenomen. De indinavir concentratie in 

de liquor cerebrospinalis varieerde van 50-170 ng/mL. Deze waarden steken gunstig 

af bij de gepubliceerde remmende concentratie van 95% van het wild type HIV-1 

virus (IC95 17-63 ng/mL). 

Hoofdstuk 5 en Hoofdstuk 6 beschrijven het immunologisch herstel met betrekking tot 

opportunistische infecties, die aanwezig waren op het moment dat een nieuwe 

antiretrovirale therapie gestart werd. 

In Hoofdstuk 5, werd de hypothese getest dat immuunherstel ten gevolge van de 

behandeling zou bijdragen aan de verbetering van de klinische symptomen van 

patiënten lijdend aan onbehandelbare diarree. Bij veertien patiënten met ernstige 

immuundeficiëntie (CD4+ aantal ^ 50 c/mL) en chronische onbehandelbare diarree 

veroorzaakt door Enterocytozoon bieneusi, Cryptosporidium parva, of door een 

onbekende oorzaak, werd indinavir aan de bestaande medicatie toegevoegd in het 

kader van een open prospectieve studie. Na 24 weken behandeling bleek de 

defecatiefrequentie gedaald te zijn van mediaan 5.8 maal per dag tot 2.3 maal per dag. 

Bovendien bleek de consistentie van de faeces verbeterd te zijn. Voor de behandeling 

was 56% van alle faeces waterig en 44 % was brijïg. Na 24 weken behandeling was 

50% brijïg en 50% vast. Het lichaamsgewicht was gedurende deze periode gestegen 

met mediaan 6.6 kg. Een opmerkelijke bevinding was dat na 24 weken bij twee 

patiënten geen E. bieneusi meer aangetoond kon worden en dat deze parasiet bij een 

andere patiënt verdween na langere follow-up. De twee patiënten met een C. parvum 

infectie klaarden dit micro-organisme na 12 weken behandeling. De verbeterde 

klinische situatie was na 40 weken follow-up nog onveranderd aanwezig. 
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Deze studie toonde aan dat de morbiditeit van klinisch ernstige opportunistische 

infecties verminderd kan worden door toevoeging van een protease remmer aan de 

reeds bestaande medicatie. Pathogenen waarvoor geen curatieve behandeling 

beschikbaar is, bleken uitgeroeid te zijn bij sommige patiënten. Zelfs bij patiënten met 

onbehandelbare diarree zonder bekende oorzaak bleek de diarree te verminderen na 

toevoeging van indinavir aan de medicatie. 

In Hoofdstuk 6 wordt aangetoond dat ten gevolge van krachtige antiretrovirale 

behandeling subklinische opportunistische infecties manifest kunnen worden. Vijf 

patiënten vertoonden kort na de start van krachtige antiretrovirale behandeling 

symptomen van een mycobacteriële infectie (Mycobacterium avium infectie bij vier 

patiënten en Mycobacterium xenopi infectie bij één patiënt). Voor en enkele weken na 

de start van de krachtige antiretrovirale behandeling, op het moment dat de 

symptomen van een latente mycobacteriële infectie klinisch manifest werden, 

samengaand met een toename van het aantal CD4+ cellen, werd de in vitro T-cel 

proliferatie gemeten na stimulering met specifieke mycobacteriële antigenen. Bij vier 

van de vijf patiënten werd een significante toename van de specifieke cytotoxiciteit 

tegen de mycobacteriële antigenen gevonden. Bij de patiënt met de M. xenopi infectie 

werd het verdwijnen van alle klinische symptomen waargenomen, zelfs zonder 

specifieke anti-mycobacteriële behandeling. Bij drie patiënten met een M. avium 

infectie verdwenen de symptomen en kon anti-mycobacteriële behandeling worden 

gestaakt zonder tekenen van recidief. Dit staat in sterke tegenstelling tot het pre-

protease remmer tijdperk toen de overleving van patiënten met een M. avium infectie 

kort was en spontaan herstel extreem zeldzaam. 
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Curriculum Vitae 

De schrijver van dit proefschrift werd op 2 januari 1960 geboren te Goes. In 1978 

behaalde hij het VWO-diploma aan het St. Willibrord College, eveneens te Goes. 

Aansluitend begon hij met de studie geneeskunde aan de Katholieke Universiteit van 

Nijmegen, resulterend in het behalen van het artsdiploma in 1986. Van 1986 tot 1987 

was hij als AGNIO interne geneeskunde werkzaam in het Groot Ziekengasthuis te "s 

Hertogenbosch. Van januari 1987 tot mei 1988 vervulde hij de militaire dienstplicht. 

Vanaf mei 1988 tot december 1990 was hij als AGIO interne geneeskunde werkzaam 

in het Groot Ziekengasthuis te 's Hertogenbosch (opleider dr. J. Jansen). Deze 

opleiding werd voortgezet van december 1990 tot april 1993 in het Academisch 

Ziekenhuis Nijmegen St. Radboud (Opleiders: prof. dr. A. van 't Laar, opgevolgd 

door prof. dr. J.W.M, van der Meer). In 1993 werd hij geregistreerd als internist. 
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geneeskunde, eveneens in het Academisch Ziekenhuis Nijmegen St. Radboud 

(opleider dr. F. Santman). 
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promotieonderzoek bij de GG&GD, afdeling Volksgezondheid (hoofd: prof. dr. R.A. 

Coutinho) en het AMC, afdeling: Nationaal Therapie Evaluatie Centrum (NATEC, 

hoofd: prof. dr. J.M.A. Lange). In oktober 1998 werd hem de poster award toegekend 

voor de beste poster op het 'Fourth International Congress on Drug Therapy in HIV 

Infection', te Glasgow. Sedert 1 november 1998 is hij werkzaam als internist-

intensivist in het Rijnstate ziekenhuis te Arnhem. 
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Dankwoord 

Het meest gelezen gedeelte van een proefschrift. 

Een ieder weet datje zo'n boekje niet alleen schrijft. Een aantal mensen heeft echter 

een bijzondere bijdrage geleverd waarvoor ik hen zeer erkentelijk ben. 

Allereerst de deelnemers van het Amsterdamse Cohort onderzoek naar HIV infectie 

en AIDS. Jullie belangeloze bijdrage is nauwelijks op de juiste waarde te schatten. 

Zonder jullie geen onderzoek en geen vooruitgang! Jullie hebben een groot 

vertrouwen in wetenschap in het algemeen en de onderzoekers van het Amsterdamse 

AIDS-onderzoek in het bijzonder laten zien. Dit brengt grote verplichtingen voor de 

onderzoekers met zich mee. Ik hoop oprecht dat jullie verwachtingen vervuld mogen 

worden. 

Prof. Lange, beste Joep: Ik heb het als een voorrecht beschouwd jouw promovendus 

te mogen zijn. Jouw onnavolgbaar associatievermogen heeft voor veel constructieve 

en ook voor veel humoristische momenten gezorgd. Je beschikt over een 

onuitputtelijk optimisme dat je het vermogen geeft om iedere onderzoeker die 

depressief je kamer binnen treedt euforisch je kamer weer uit te laten gaan. Geen 

psychiater die het tegen je op kan nemen. Je grote taalvaardigheid heeft me veel 

respect afgedwongen. Wel hoop ik datje bij m'n promotie op tijd bent! 

Prof. Coutinho, beste Roel: Ik dank je voor de vrijheid die ik kreeg het onderzoek 

naar eigen inzicht in te richten. Je vermogen me af en toe bij de les te houden door 

hoofd- en bijzaken glashelder te scheiden heeft me meer gesteund dan je 

waarschijnlijk vermoed hebt. 
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Dr. Reiss, beste Peter: Ik ben je veel dank verschuldigd. Ik heb de samenwerking zeer 

leerzaam en plezierig gevonden. Je beschikt over een groot aantal benijdenswaardige 

onderzoeksvaardigheden, die ik geprobeerd heb me eigen te maken. Je Spartaanse 

discipline gecombineerd met welhaast Zwitserse precisie zijn ongeëvenaard. De 

samenwerking met jou is cruciaal geweest om mijn weg te vinden en te behouden in 

het "Amsterdamse AIDS onderzoek". 

Gerrit-Jan: Je hebt me snel en volledig kunnen overtuigen dat het harde ijs van de 

methodologie en statistiek voor de gewone dokter toch vooral een groot wak is. Je 

prettige en "down to earth" aanpak is van grote waarde geweest. Je bezit het 

vermogen te motiveren en te stimuleren maar ook om zelf te blijven leren. Je loyaliteit 

en humor hebben me op meerdere momenten dat ik vast zat, een beslissende impuls 

gegeven. 

Nel: Ik dank je voor de buitengewoon prettige samenwerking. Op jou kan onderzoek 

gebouwd worden. Zonder poeha of bijbedoelingen doe je het uiterste om 

patiëntenzorg en onderzoek perfect te laten verlopen. Als jij erachter staat lukt het 

ook. 

Prof. dr. S.A. Danner, Prof. Dr. J. Goudsmit, Prof. Dr. J.W.M, van der Meer, Prof. Dr. 

F. Miedema, Prof. Dr. P. Speelman, Dr. C. Richter dank ik voor hun bereidwilligheid 

zitting te nemen in de promotiecommissie 

Verder ben ik vele mensen dank verschuldigd die me methodologisch hebben 

ontgroend, me logistiek hebben geholpen, of wel morele steun hebben verleend: 

Anneke, Bert (B.), Bert (H.), Birgit, Daan, David, Els, Ferdinand, Gerben Rienk, Jaap, 

Jacqueline, Jan (V), Jan (vdM), Jet, Leny, Maria, Mariëlle, Marijke, Marja, Maurice, 

Monique, Peter, Petra, Remko, Richard, Suzanne, Teysir, en verder alle andere 

medewerkers van "de NATEC" en van het AIDS onderzoek van de GG&GD. 
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Lia: Na + 4380 geperste sinaasappeltjes en grapefruits is het dan eindelijk klaar (het 

proefschrift, niet het persen!). Met zelf een promotie achter de kiezen hoef ik je 

waarschijnlijk niet veel uit te leggen. Hoe groot mijn twijfel ook was of het wel ooit 

zou lukken, zo groot was jouw zekerheid dat ik het karwei eens zou klaren. Dat gaf 

niet zelden een gevoel van onbegrepen zijn. Echter nu terugziende moet ik bekennen 

dat het niet goed geweest zou zijn me altijd serieus te nemen. Zonder je 

onverwoestbare geloof in het werk en in elkaar zou het niet gelukt zijn! 

Lorraine, je bent nog maar net begonnen aan het leven en je hebt me weer zo duidelijk 

gemaakt dat je ook zonder lezen en schrijven buitengewoon gelukkig kunt zijn. 

Hiermee heb je dit boekje dan ook als geen ander in een relativerend kader geplaatst. 
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Additional financial support 
was provided by Merck Sharp 
and Dohme B.V. 




