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Summary Summary

SUMMARY Y
Inn this thesis several studies are described in which antiretroviral treatment in
HIV-11 infection was evaluated. Initially, only clinical endpoints,
immunologicall parameters, and an incomplete measure of viral replication
(p244 antigen) were available for this purpose. In the early nineties direct
estimationn of virological replication became available, by means of HIV-1
RNAA assays. In Chapter 2 serum HIV-1 R N A and p24 antigen levels were
examinedd in 28 seropositive asymptomatic individuals participating in a trial
onn the efficacy of zidovudine. Sixteen individuals remained asymptomatic
untill 4 years after the onset of the trial, whereas 12 individuals were diagnosed
withh an AIDS-defining event. The serum HIV-1 R N A load and p24 antigen
levelss were determined before the onset of therapy and during the first 8 weeks
off therapy to establish whether the patterns of change were predictive of
clinicall outcome. Among the 28 participants 43% had measurable pretreatment
concentrationss of p24 antigen. Initiation of zidovudine therapy was followed
byy a similar decline of p24 antigen levels in non-progressors as well as
progressorss and, therefore, these groups could not be distinguished on the basis
off this parameter. HIV-1 RNA was detected in the pretreatment samples of
82%% of the individuals and could be detected in p24 antigen-positive as well as
p244 antigen-negative individuals. Similar changes in HIV-1 R N A load during
zidovudinee therapy were observed in p24 antigen-positive and -negative
individuals.. Analysis of the HIV-1 RNA response according to clinical
outcomee demonstrated that HIV-1 RNA copy numbers had declined
significantlyy after 4 weeks of therapy in both non-progressors and progressors,
butt the decline in RNA load was much stronger in the non-progressors. HIV-1
R N AA load in serum was shown to be useful for monitoring the response to
antivirall therapy in p24 antigen-positive as well as negative individuals. Posttreatmentt changes in p24 antigen levels were not indicative for clinical
outcome,, whereas RNA copy numbers were. Therefore, it was concluded that
monitoringg p24 antigen levels was less valuable than HIV-1 RNA following
antiretrovirall therapy.
Inn Chapter 3, HIV-1 RNA levels as measured by two commercially
availablee quantitative assays were compared. HIV-1 RNA levels were measured
inn stored serum samples from 24 Dutch zidovudine-treated participants of a
zidovudinee efficacy study (European-Australian Collaborative Group Study
017)) at weeks -3, 0, 4 and 8, using quantitative nucleic acid sequence based
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amplificationn (NASBA; Organon Teknika) and quantitative reverse
transcriptase-polymerasee chain reaction (Amplicor; Roche Molecular Systems).
HIV-11 R N A copy numbers and changes from baseline as measured by each
assayy were compared. Individual responses to treatment were compared using
definitionss based on the within-subject variation of each assay. Before
treatment,, HIV-1 RNA levels as measured by NASBA were 0.49 log ]0 higher
thann the levels measured by the Amplicor assay (95% confidence interval (CI)
0.32-0.66).. During treatment, this difference decreased significantly to 0.27
logioo (95% CI 0.01-0.53; difference 0.22 log10; 95% CI 0.05-0.37). The smaller
differencee between the results of the two assays during treatment was a
consequencee of a larger decline in RNA level as measured by NASBA
comparedd with that measured by the Amplicor assay (mean change after 4
weekss 0.77 and 0.49 log10, respectively). At week 8, the mean HIV-1 RNA
levell was still significantly below baseline values as measured by NASBA, but
nott when measured by the Amplicor assay. Discrepancies in individual
responsess as measured by the two assays were also observed. It was concluded
thatt a marked difference existed between the NASBA and Amplicor
quantitativee assays, in both HIV-1 RNA copy numbers without treatment and
changess in RNA level during treatment. These differences should be
consideredd in interpreting analyses of clinical trials and relationships between
HIV-11 R N A level and clinical outcome, as well as in the use of RNA level in
thee management of HIV infected patients.
Chapterr 4 describes the evaluation of three procedures for the
quantificationn of human immunodeficiency virus type 1 (HIV-1) RNA from
plasmaa at three laboratories. The comparison involved the Quantiplex
branchedd D N A assay (version 1.0) by Chiron Diagnostics, the NASBA-QT
assayy by Organon Teknika, and the Amplicor Monitor assay by Roche
Molecularr Systems. The laboratories performed each of the three assays with
thee same sets of reconstructed HIV-1-infected human plasma samples, crosssectionallyy collected clinical plasma samples and longitudinally collected
plasmaa samples from patients starting zidovudine therapy. Analysis of the
reconstructionn panel results for inter-laboratory variation demonstrated that
noo laboratory differences in results were detected for any of the assays. A
comparisonn of the reproducibilities of duplicate samples analysed by batch and
inn separate assay runs demonstrated that the reproducibilities of the test results
weree similar within one assay and appeared to be independent of the HIV-1
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concentration.. The best reproducibility was obtained with the Quantiplex
assay,, but all three assays demonstrated equal reliability, which was
independentt of batched or unbatched analysis of replicate samples. Differences
inn the absolute concentrations calculated were observed for the assays, in
particularr in the analysis of reconstructed samples. In all assays, similar
changess in plasma HIV-1 R N A concentrations were determined for
longitudinallyy collected clinical samples.
Thee Delta trial, which was described in Chapter 5, was designed to test
whetherr combinations of zidovudine with didanosine or zalcitabine were
moree effective than zidovudine alone in extending survival and delaying
diseasee progression. This trial was randomised, double blind, and international.
32077 participants were allocated to either zidovudine (600 mg per day) alone
(1055),, zidovudine plus didanosine (400 mg per day) (1080), or zidovudine plus
zalcitabinee (2.25 mg per day) (1072). Participants either had symptoms of HIV
diseasee (if AIDS, with a CD4 cell count of > 50xl0 6 /L) or a CD4 count of less
thann 350xl0 6 /L; 2124 had not had zidovudine before p e l t a 1) and 1083 had
forr at least 3 months (Delta 2). Over a median follow-up of 30 months, 699
participantss died, and 936 of the 2765 without AIDS at entry developed AIDS
orr died. In participants who had not had zidovudine before, both combination
regimenss had substantial benefits in terms of survival (regardless of disease
stagee at entry); a relative reduction in mortality of 42%, compared to
zidovudinee alone (95% CI 25% to 55%), for zidovudine plus didanosine and of
32%% (95% CI 22% to 47%) for zidovudine plus zalcitabine. In participants who
hadd had zidovudine before, the addition of didanosine improved survival
(p=0.05;; relative reduction 23% [95% CI 0% to 41%]) but there was no direct
evidencee of benefit from the addition of zalcitabine (p-0.47; relative reduction
9%% [95% CI 17% to 29%]). The overall difference in survival between the
treatmentt groups was significant (p< 0.0001; a relative reduction in mortality,
comparedd to zidovudine alone, of 33% (95% CI 20% to 44%) for zidovudine
pluss didanosine and 2 1 % (95% CI 6% to 34%) for zidovudine plus zalcitabine).
Benefitt in terms of disease progression was seen mainly in participants not
previouslyy treated with zidovudine and overall. There was no unexpected
toxicityy from the combination treatments. In conclusion, initiation of
treatmentt with combinations of zidovudine plus didanosine or zalcitabine
prolongedd life and delayed disease progression compared with zidovudine
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alone.. The addition of didanosine to participants already treated with
zidovudinee also improved survival, although the benefit appeared to be less.
Too explore the virological pathofysiology underlying the clinical findings
off the Delta trial, changes in markers for viral load and antiretroviral-drug
resistancee during therapy were evaluated in three of the participating
countries,, France, the Netherlands, and the UK (Chapter 6). In total 240
zidovudine-naivee HIV-1-infected patients who were randomly assigned
zidovudinee only (n = 87), zidovudine plus didanosine (n=80), or zidovudine
pluss zalcitabine (n = 73) were included. Viral load in peripheral-blood
mononuclearr cells and plasma was measured by quantitative culture. Plasma
HIV-11 RNA was measured by reverse-transcriptase PCR amplification, and
serumm p24 antigen by ELISA. Resistance to antiretroviral drugs was measured
phenotypicallyy by culture and genotypically by detection and quantification of
drug-relatedd point mutations in the pol gene. Analyses were done by intention
too treat. The reduction in viral load was greatest 4-12 weeks after the start of
therapyy and was most pronounced in the combination-therapy study groups
(mediann reductions of RNA at 4 weeks 1.58, 1.28, and 0.49 log10 copies/mL for
zidovudinee plus didanosine, zidovudine plus zalcitabine, and zidovudine only,
respectively).. RNA levels at 8 weeks were predictive of disease progression and
deathh after allowance for baseline values.
Att 48 weeks, the proportion of participants with phenotypic zidovudine
resistancee was similar in all three groups: didanosine and zalcitabine resistance
weree rare; zidovudine genomic resistance correlated with phenotypic
resistancee (r=0.54, p< 0.0001) and developed earlier in the combined-therapy
groups.. However, participants in the zidovudine monotherapy group had
higherr circulating loads of resistant virus than those in the combined-therapy
groups.. We concluded that combined antiretroviral therapy was more efficient
att lowering virus load than monotherapy. Although zidovudine resistance was
commonn in monotherapy and combined-therapy groups, circulating
concentrationss of resistant virus were substantially lower in the combination
groups,, which was likely a result of the continued antiviral activity of
didanosinee or zalcitabine.
AA substantial number of patients with advanced HIV infection suffer
fromm intractable diarrhoea. In Chapter 7 we evaluated whether potent
antiretrovirall therapy could alleviate such diarrhoea in an open randomised
study.. The effect of the HIV protease inhibitor indinavir in combination with
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nucleosidee analogue reverse transcriptase inhibitors on chronic HIV-related
diarrhoeaa was investigated in 14 late-stage (CD4 + lymphocyte count <50 x 106
cells/L)) HIV-infected patients. Data concerning stool frequency, stool
consistencyy and antidiarrhoeal drug use were collected in daily diaries over a
24-weekk period. Endpoints of the study were reduction of stool frequency,
improvementt of stool consistency, weight gain, and in case of diarrhoea due to
Enterocytozoonn bieneusi or Cryptosporidium sp. disappearance of these
parasitess from stool. Thirteen patients started the study drug indinavir. One
patientt 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
afterr 24 weeks (p=0.04). Stool consistency improved considerably over the
studyy period: before treatment 56% of stools were watery and 0% were
formed;; at week 24 these figures were 0 and 35%, respectively. Body weight
increasedd 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
withh cryptosporidiosis, stools were free of parasites at week 24. Five out of six
patientss who used non-specific antidiarrhoeal medication on a regular basis
priorr to the study had ceased to do so at the end. Consequently, the use of
potentt antiretroviral therapy in patients with advanced HIV infection can
improvee chronic HIV-related diarrhoea and in some cases lead to
disappearancee of E. bieneusi and Cryptosporidium sp. from the stools.
Thee widespread use of this highly active antiretroviral therapy (HAART)
hass improved rates of CD4 lymphocyte recovery and decreased the incidence
off HIV-1-related morbidity and mortality. In Chapter 8 it was assessed
whetherr prophylaxis against Pneumocystis carinii pneumonia (PCP) can be
safelyy discontinued after H A A R T is started. A total of 7333 HIV-1-infected
patientss were investigated already enrolled in EuroSIDA, a continuing
prospectivee observational cohort study in 52 centres across Europe and Israel.
Person-yearss analysis was performed of the rate of discontinuation of PCP
prophylaxiss and of the incidence of PCP after the introduction of H A A R T
intoo clinical practice from July, 1996. The rate of discontinuation of primary
andd secondary PCP prophylaxis increased up to 21.9 discontinuations per 100
person-yearss of follow-up after March, 1998. 378 patients discontinued
primaryy (319) or secondary (59) prophylaxis a median of 10 months after
startingg HAART. At discontinuation for primary and secondary prophylaxis,
respectively,, the median CD4 lymphocyte counts were 274 cells//iL and 270
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cells//xL,, the median plasma HIV-1 RNA load 500 copies/mL, and the median
lowestt recorded CD4 lymphocyte counts 123 cells//iL and 60 cells//iL. During
2477 person-years of follow-up, no patient developed PCP (incidence density 0
[95%% CI 0-1.5]). Therefore, the risk of PCP after stopping primary
prophylaxis,, especially in patients on HAART with a rise in CD4 lymphocyte
countt to more than 200 cells/pL, is sufficiently low to warrant discontinuation
off primary PCP prophylaxis.
AA comparison of viral suppression using three drugs or five drugs is
describedd in Chapter 9. Two open-label studies using a three-drug (zidovudine,
lamivudinee and ritonavir) and a five-drug regimen (zidovudine, lamivudine,
abacavir,, indinavir and nevirapine) in study-drug-naive patients, except for one
inn the five-drug study. Participants with >10 000 HIV-1 RNA copies/mL in
plasmaa at baseline were compared by means of Kaplan-Meier curves for time
too < 50 copies/mL, as well as linear regression analysis for the first phase of
declinee using log-transformed copy numbers. The elimination rate constants
forr HIV-1 R N A in 15 participants of the three-drug study were compared with
ninee participants of the five-drug study. The level of < 5 0 copies/mL was
reachedd earlier when using the five-drug than when using the three-drug
regimenn (p log rank= 0.0005): median time to reach this level was 4 weeks and
122 weeks, respectively. N o differences were found in HIV-1 RNA elimination
ratee constants in the first 2 weeks after the initiation of therapy. When the
virall load declines were calculated from day 2 onwards, adjusting for
differencess in pharmacological delay of the drugs used, again no differences in
earlyy viral load decline were found between the two regimens. With the five
drugss used in this study, the median time to reach < 5 0 HIV-1 RNA
copies/mLL was 8 weeks shorter than with the three-drug regimen. This finding
showedd that suppression of viral load in HIV-infection by standard triple-drug
therapyy can be improved upon.
Inn general, randomisation in clinical trials assessing the efficacy of a
medicall intervention is the methodological gold standard. Blocking and
stratificationn are used in random treatment assignments to preserve treatment
balancee with respect to important covariates. However, these technologies are
associatedd with considerable increase of predictability of treatment allocations
whenn used in open intervention studies. Especially in small studies it is of
importancee to maintain balance without increased predictability of treatment
allocations.. Clinical trials on antiretroviral treatment in HIV infection are
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becomingg short running, small sample sized open-intervention trials with in
mostt instances a number of known prognostic factors like the number of
CD4 ++ T-lymphocytes, HIV-1 RNA copy number, and the use of antiviral
treatmentt before study participation. In Chapter 10 it is demonstrated that
minimisationn technology reduced imbalance in treatment allocation, although
withh an increase of predictability. In this chapter we developed a minimisation
technologyy in which the assignment probability is a function of the degree of
imbalance.. To investigate advantages in balance and predictability of this
technique,, we compared different randomisation technologies ranging from
completee randomisation to maximal balancing. Using the degree of imbalance
ass a function for the probability of treatment allocation will reduce the
allocationn predictability without the loss of balance.
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