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CHAPTERR 1 

Introductio n n 

Sincee its discovery in 1983 (Barre-Sinoussi 1985), the retrovirus HTV-1 has infected an estimated 40 
millionn people world-wide (UNAIDS report 2001). Without treatment, the mean incubation period 
betweenn initial infection with HIV and development of AIDS defining events is approximately 10 
yearss (Munoz 1997). 

Twoo major classes of antiretroviral treatments have been developed to combat HIV infection: the 
reversee transcriptase inhibitors and the protease inhibitors. Reverse transcriptase inhibitors act on the 
HIVV reverse transcriptase en2yme, by either incorporation into the nascent HIV DNA, terminating the 
growingg chain of HIV DNA (nucleoside analogues, Sluis-Cremer 2000) or by binding to part of the 
HIV-11 reverse transcriptase enzyme, thereby inhibiting its function (non-nucleosides, Spence 1995, 
Magaa 2000). Protease inhibitors act on the HIV proteinase enzyme, inhibiting the cleavage of Gag and 
Gag-Poll  precursor polyproteins into functional subunits (Eberle 1995). Other drug classes are 
currentlyy in development, in particular immunotherapies such as interleukin-2, and fusion inhibitors 
suchh as enfuvirtide. 

Earlyy in the course of the epidemic, experimental antiretroviral treatments were introduced and their 
effectss on progression to AIDS and death were assessed in clinical trials and cohort studies. The first 
treatmentt for HIV infection, AZT, was approved for usage in 1987, based on its effects on improving 
survivall  in a placebo-controlled trial (Richman 1988). Similar improvements in survival were detected 
inn routine follow up of clinic cohorts (Moore 1991). 

Afterr the approval of AZT, other antiretrovirals — ddC and ddl - were shown to lower rates of clinical 
diseasee progression (Kahn 1992, Delta Co-ordinating Committee 1996). This clinical benefit was later 
shownn for treatment with AZT/3TC in a meta-analysis of controlled trials (Chapter 2) and in the 
CAESARR trial, a large randomised clinical endpoint trial. 

Whilee clinical endpoint trials were being conducted to prove clinical efficacy of treatments in the mid-
1990's,, early research on surrogate markers was being used to select drug dosages to take further into 
Phasee 3 trials. There was a wide variety of surrogate markers of HIV progression in use in the early 
1990's,, including T lymphocyte markers and several measures of viral load. 

Thee primary cell type infected by HIV-1 is the CD4 positive T lymphocyte (Embretson 1993). 
Reductionss in CD4 count have been observed during the course of HIV infection, with lower counts 
leadingg to an increased risk of progression to ADDS and death (Phillips 1991). However several 
factorss other than HIV infection can affect the CD4 count (Stein 1992) and so the CD4 count used in 
isolationn cannot fully characterise the degree of immunodeficiency of an individual. Individuals 
withoutt HIV infection show particular ranges of CD4 count and these may have contributed to the 
riskrisk of HIV disease progression (Chapter 3). As well as the CD4 marker, other T cell markers have 
beenn shown to predict HIV disease progression, such as higher numbers of CD8+,CD38+ positive T 
lymphocytess (Giorgi 1993). Treatment with highly active antiretroviral therapy (HAART) was found 
too lead to alterations in the proportion of "naive" versus "memory" T lymphocytes in peripheral blood 
(Pakkerr 1998). In addition, early studies examined the prognostic value of the immunological markers 
beta-2-microglobulinn and neopterin, but with mixed results (Moss 1988) 

HIVV is a retrovirus with viral RNA encapsulated in a protein core and envelope. HIV RNA copy 
numberr per unit volume of peripheral blood is a measure of the number of viruses present in the body 
off  an infected individual. HIV RNA levels have been shown to be higher at late stages of HIV 
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disease,, and to have additional power in prediction of progression to ADDS and death over CD4 count 
(Mellorss 1996). Higher levels of other markers of HTV viral load have also been correlated with a 
greaterr risk of HIV disease progression, such as HIV DNA (Panther 1998), p24 antigen (Moss 1998), 
andd immune complex dissociated (ICD) p24 antigen (Morand-Joubert 1994). Other experimental 
assayss measured the viral tropism and the ability of virus to form syncytia of infected cells. One study 
showedd a higher rate of HIV disease progression for patients with predominantly syncytium inducing 
viruss (Tersmette 1992). 

Afterr early work on the evaluation of potential surrogate markers, candidate markers were evaluated 
duringg Phase 2-3 trials of new antiretrovirals. Treatment with 3TC was found to reduce levels of HIV 
virall  load and increase CD4 cell counts, both in monotherapy and in combination with AZT (Chapter 
4).. In the mid to late 1990's, the regulatory approval of antiretroviral drugs still required proof of 
clinicall  benefit until the value of HIV viral load and CD4 counts could be established as reliable 
surrogatee markers of this clinical benefit. Several treatments were approved on the basis of their 
clinicall  benefits observed in large clinical endpoint trials, with effects on HIV viral load and CD4 
countss used as supplementary information (ddl, ddC, 3TC, d4T, indinavir, saquinavir, nevirapine). 

Howeverr the difficulties of conducting clinical endpoint trials were growing - these trials were 
becomingg large and costly to perform, and there were ethical issues in randomising patients to a 
controll  arm with potentially inferior treatment, as predicted by surrogate markers in earlier trials. 
Highh rates of attrition from clinical trials were observed, which lowered the statistical power of these 
trialss to demonstrate the clinical benefits of a new treatment over standard of care or placebo control 
arms. . 

Despitee the limitations of clinical endpoint trials, there were several uncertainties in the reliability of 
surrogatee markers, which prevented their usage in regulatory approval of new treatments, as a 
replacementt for clinical endpoint trials. It was not known whether the changes in surrogate markers, 
suchh as CD4 count and HIV RNA, would explain a high proportion of the benefit of treatment, or 
whetherr there could be other unknown mechanisms underlying the clinical benefit of antiretroviral 
treatment.. A surrogate marker effect observed for treatment using one class of antiretroviral treatment 
(forr example an NRTI) might not translate into the same clinical benefit for a different class of 
antiretrovirall  treatment (for example a protease inhibitor). Finally the drugs approved on the basis of 
clinicall  endpoint trials had all caused serious or life-threatening toxicities. It was not known whether 
thee potential harm caused by new treatments, from drug toxicity, could outweigh their beneficial 
effects,, as observed in the changes in surrogate markers. 

Prooff  of the reliability of HIV viral load and CD4 counts as surrogate markers of the clinical benefit 
off  antiretrovirals required several stages of validation (Hughes 1995): 

1.. Baseline levels of the markers were correlated with the risk of clinical progression (Chapter 5). 
2.. Changes in the markers occurring during treatment were predictive of clinical progression. 
3.. When controlled for baseline levels, the changes in the markers during treatment explained the 

majorityy of the clinical benefit observed for a treatment (given that the treatment did show a 
clinicall  benefit in a randomised trial) (Chapters 6, 7). 

4.. Clinical trials with a greater clinical benefit for a treatment also showed a more beneficial effect 
onn HIV viral load and CD4 cell count (Chapter 8), to ensure that the utility of the surrogate 
markerss was consistent across different drugs and drug classes. 

Oncee these stages of surrogate marker validation were considered by regulatory authorities to be 
completee (Murray 1997), the regulations on approval of HIV treatments were changed. Subsequent 
treatmentss were approved based on their effects on HIV RNA and CD4 count alone (nelfinavir, 
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delavirdine,, efavirenz, amprenavir, lopinavir, tenofovir, enfüvirtide) together with a need for long-
termm evaluation of toxicity. 

Givenn the lack of treatments for HIV that can eradicate the virus from the body, the prospect of life-
longg treatment with antiretrovirals is likely. It is still unknown how the long-term benefits of these 
treatments,, as measured by rises in CD4 count and reductions in HIV RNA, will contrast with harm 
fromfrom long-term toxicities of treatment. The clinical effects of some of these long-term toxicities could 
bee predicted with other surrogate markers such as haemoglobin reductions (Walker 1998), elevations 
inn lipids (Periard 1999) and abnormalities in liver enzymes (Gisolf 2000, Sulkowski 2000). 

Withh the increasing usage of HIV RNA as the primary efficacy endpoint in HIV clinical trials, there 
wass a need to standardise the methods used to analyse and report this endpoint. Until 1999, HIV RNA 
analysess were being presented at conferences and in publications using a variety of Intent to Treat and 
otherr analyses, and using various different lower limits of assay quantification to define 
undetectabilityy of HTV RNA levels. This led to a potentially wide variety of estimates of the 
proportionn of patients who would show reductions in HIV RNA to undetectable levels during a 
clinicall  trial, depending on the set of assumptions and methods used. Suggested standards for 
reportingg and presentation of HIV RNA data from clinical trials are discussed in Chapter 9. 

AA subsequent candidate measure to predict drug efficacy is the ratio of a drug's minimum plasma 
concentrationn divided by its inhibitory concentration (Inhibitory Quotient). The hypothesis was that 
drugg treatments with the greatest mean plasma drug concentration, relative to inhibitory drug 
concentration,, would be expected to provide the greatest clinical efficacy. However, as with analyses 
off  HIV RNA levels, there are many different techniques to define this ratio or "Inhibitory Quotient". 
Standardisedd methods of calculating the quotient have not been defined and this quotient is therefore 
highlyy variable depending on the set of assumptions used. The problems associated with interpreting 
thiss measure are discussed in Chapter 10. 
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CHAPTERR 2 

AIDSS 1997,11: 477-483 

Reductionss in HTV-1 disease progression for  zidovudine/lamivudine 
relativee to control treatments: a meta-analysis of controlled trial s 

Schlomoo Staszewski, Andrew M. Hill* , John Bartlettf, Joseph J. Eron{, Christine Katlama§, 
Judyy Johnson*, William Sawyer̂  and Hugh McDade* [AH wrote this paper, and analysed 
thee data from the four trials] 

Objectives s 
Fourr randomised double-blind trials have demonstrated that zidovudine/lamivudine (ZDV/3TC) 
reducess HIV RNA and raises CD4 counts relative to control treatments [ZDV or ZDV/zalcitabine 
(ddC)]]  .A meta-analysis of the clinical events in these trials was conducted to determine whether 
treatmentt with ZDV/3TC was also associated with a clinical benefit. 

Design n 
Thee four trials, ZDV/3TC versus ZDV (NUCA3001, NUCB3001, NUCB3002) or versus ZDV/ddC 
(NUCA3002),, were run concurrently, using the same doses of ZDV and 3TC. 

Setting g 
Investigationall  sites in Europe and North America. 

Patients s 
Thee trials recruited 972 HTV-1-positive, male and female patients aged > 18 years, with CD4 counts 
off  100-500 cells x 106/1. Two trials were for ZDV-naive patients and two were for ZDV pre-treated 
patients. . 

Mainn outcome measures 
Progressionn to first new Centers for Disease Control and Prevention (CDC) B or C event was 
comparedd between all ZDV/3TC arms and all control (ZDV, ZDV/ddC) arms. 

Results s 
AA total of 118 patients progressed to a first new CDC B/C event during the four trials, while 28 
progressedd to a new CDC C event. Meta-analysis of the trials showed a 49% reductionn in progression 
too new CDC B/C events (relative risk, 0.509; 95% confidence interval, 0.365-0.710;/? < 0.0001) and a 
66%% reduction in progression to new CDC C events (relative risk, 0.344; 95% confidence interval, 
0.169-0.700;; p=0.003) for the ZDV/3TC patients relative to the control patients. Reductions in 
progressionn to CDC B/C disease were seen in subgroups of naive and pre-treated patients, those with 
highh and low CD4 counts and symptomatic and asymptomatic patients. 

Conclusions s 
ZDV/3TCC combination treatment delays the progression of CDC B/C disease compared with control 
treatments.. In view of the low incidence of CDC C events, the results for progression to CDC C 
diseasee should be interpreted with caution. 

Fromm the Goethe-Universitat, Frankfurt, Germany, *Antiviral Clinical Research, Glaxo-Wellcome 
Researchh and Development, Greenford, UK, the fDuke University Medical Centre, Durham, the 
jUniversityy of North Carolina, Chapel Hill , North Carolina, USA, the §Hopital Pitie Salpetriere, 
Paris,, France and the TJCRC Clinical Trials Centre, King's College Hospital, London, UK. 
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Sponsorship:: This project was sponsored by Glaxo-Wellcome Research and Development Ltd, 
Greenford,, Middlesex, UK. 

Introductio n n 

Severall  antiretroviral treatments have shown a clinical benefit in terms of reduced rates of progression 
too AIDS or improved survival1,2. For other more recently developed antiretrovirals, evidence of 
efficacyy is limited to effects on CD4 counts and HIV-1 RNA  3'4. There is increasing evidence that 
CD44 counts and HIV-1 RNA are strong predictors of progression to AIDS and death5'6, and that 
treatment-inducedd rises in CD4 count and reductions in HIV RNA correlate with reduced rates of HTV 
-diseasee progression7,8. Until definitive validation of these prognostic markers is forthcoming, 
however,, demonstration that an antiretroviral reduces the rate of progression to AIDS and death will 
remainn the definitive evidence of drug efficacy. 

Fourr surrogate marker studies of combination zidovudine/lamivudine (ZDV/3TC) were conducted in 
Europe9,100 and North America1112, recruiting zidovudine-naive and pre-treated patients with CD4 
countss of 100-500 cells x 106/1. The primary objective of these trials was to evaluate the antiviral 
activityy of the combination by measuring changes in virological and immunological markers. The 
individuall  trials were not statistically powered to detect differences in clinical-disease progression 
betweenn the ZDV/3TC combination and control arms, although the evaluation of HTV -disease 
progressionn was a secondary objective for all the trials. 

Inn all four trials, the combination of ZDV and 3TC led to a significantly greater reduction in viral 
load,, together with greater and more sustained rises in CD4 count, compared with the control 
treatmentss of ZDV monotherapy or ZDV /zalcitabine (ddC). Additionally in three of the studies which 
evaluatedd two different dosages of 3TC in combination with ZDV there was no difference between 
thee 150 mg twice daily and the 300 mg twice daily dosages of 3TC, with respect to CD4 responses 
andd HIV-1 RNA. 

Inn order to determine whether ZDV/3TC is also associated with a clinical benefit, a meta-analysis of 
thee Centers for Disease Control and Prevention (CDC) B/C events in the four trials was conducted. 

Methods s 

Tria ll  designs 
Thee aim of the meta-analysis was to combine the clinical data from all randomised Phase II trials of 
ZDV/3TC.. Overall, 972 patients were recruited to the four Phase II trials of ZDV/3TC between March 
19933 and March 1994. A summary of the designs of the four trials of ZDV/3TC is given in Tables 1 
andd 2. All four trials were multi-centre, placebo-controlled, double blind and randomised. The 
primaryy objective of each trial was to detect a benefit of ZDV/3TC over the control treatment in rises 
inn CD4 count and reductions in viral load. Analysis of HTV-1 disease progression was a secondary 
objectivee for all the trials. The control treatment was ZDV in three trials (NUCA3001,NUCB3001, 
NUCB3002)) and ZDV /ddC in one trial (NUCA3002). The NUCA3001 trial also included a 3TC-
monotherapyy arm. 
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Tablee 1. Design of trials. 

Trial l 

Samplee size (n) 
Location n 
Triall  duration - median (weeks) 
Entryy CD4 cells x 106/I 
ZDVV pre-treatment 
Yearss of age [mean (range)] 
Sexx (% male) 
Baselinee CD4 count (cells x 10 6/I 
Baselinee disease stage 
CDCC A (%) 
CDCB(%) ) 
CDCC C (%) 

NUCA3001 1 
366 6 
Northh America 
68 8 
200-500 0 
<< 4 weeks 
355 (20-62) 
87 7 
350 0 

77 7 
18 8 
5 5 

ZDV,, Zidovudine; CDC, Centers for Disease Control and Prevention. 

Tablee 2. Baseline characteristics and 
Triall  Treatment arm 

progression n 
N N 

ofCDCB/CC disease 
Baseline e 

NUCA3002 2 
254 4 
Northh America 
57 7 
100-300 0 
>> 6 months 
377 (22-64) 
83 3 
220 0 

58 8 
30 0 
12 2 

byy treatment arm. 
Baseline e 

CD44 count asymptomatic 
(cellss x 10 6/I) (%) ) 

NUCB3001 1 
129 9 
Europe e 
48 8 
10CMOO O 
<< 4 weeks 
355 (22-58) 
74 4 
270 0 

64 4 
27 7 
9 9 

Onn trial 
CDCB/C C 
events* * 

NUCB3002 2 
223 3 
Europe e 
48 8 
100-400 0 
>> 6 months 
388 (19-66) 
83 3 
250 0 

53 3 
38 8 
9 9 

Onn trial 
CDCC C 
events* * 

NUCA30011 ZDV 93 
3TCC 87 
ZDV/3TC(150mg)) 92 
ZDV/3TCC (300 mg) 94 

349 9 
340 0 
366 6 
380 0 

79 9 
76 6 
74 4 
80 0 

NUCA30022 ZDV/ddC 86 
ZDV/3TCC (150 mg) 84 
ZDV/3TCC (300 mg) 84 

229 9 
212 2 
203 3 

57 7 
57 7 
58 8 

18(32) ) 
133 (24) 
4(10) ) 
10(13) ) 

NUCB30011 ZDV 64 
ZDV/3TC(300rng)) 65 

262 2 
280 0 

66 66 
62 2 

199 (45) 
11(36) ) 
144 (33) 

3(3) ) 
4(6) ) 
0(0) ) 

Jill l 
4(5) ) 
0(1) ) 
2(3) ) 

NUCB30022 ZDV 73 
ZDV/3TCC (150 mg) 75 
ZDV/3TC(300mg)) 75 

10(18) ) 
5(10) ) 

248 8 
253 3 
247 7 

47 7 
59 9 
53 3 

2(4) ) 

JUL L 
14(35) ) 
6(18) ) 
7(20) ) 

8(11) ) 
4(5) ) 
3(3) ) 

**  Total number of patients progressing to a first new event, total number of new and recurrent events in parentheses. ZDV, 
Zidovudine;; 3TC, lamivudine; ddC, zalcitabine; CDC, Centers for Disease Control and Prevention 

Twoo trials were conducted in patients with less than 4 weeks of prior zidovudine, and two trials in 
patientss with at least 6 months of prior zidovudine. Prior treatment with other antiretrovirals was an 
exclusionn criterion for all trials. For the two trials of naive patients, over 90% of the study population 
hadd no prior zidovudine experience. The screening CD4 inclusion criteria were 100-300 cells x 106/1 
forr NUCA3002,200-500 cells x 106/1 for NUCA3001, and 100-400 cells x 106/1 for the two European 
trialss (NUCB3001, NUCB3002). The major inclusion and exclusion criteria were common to all the 
trialss *2. Guidelines for prophylaxis of opportunistic infections were similar across the trials. 

Thee dosage of ZDV, either as monotherapy or in combination with 3TC or ddC, was 200 mg three 
timess daily. The dosage of 3TC was either 150 mg or 300 mg twice daily; ddC was given at the 
standardd dosage of 0.75 mg three times daily. 

Forr the two North American trials, patients were randomised to 24 weeks of treatment, and then 
remainedd on their original randomised treatment until the last patient enrolled had completed 24 
weekss of the trial. For the European trials, patients were randomised to an initial 24-week interval of 
eitherr ZDV/3TC or ZDV, and subsequently all patients were offered open-label treatment with 
ZDV/3TC.. The trials were completed, in late 1994 (NUCB3001, NUCB3002) and early 1995 
(NUCA30011 NUCA3002). 

15 5 



Classificationn of CDC category B/C disease 
Identicall  case-report forms were used to collect data on CDC B/C events prospectively during the 
coursee of die trials. Data on past and current HIV-1 disease events were reviewed under blinded 
conditionss and classified according to the CDC criteria for class B/C events, according to the 1992 
CDCC guidelines13. Repeated reports of the same CDC class B/C event were recorded as separate 
eventss only if the prior episode had resolved before onset of the subsequent event. For the purposes of 
thee analysis, all cases of peripheral neuropathy classified by the investigator as at least possibly 
relatedd to trial medication were excluded. 

Al ll  CDC class C events from the four trials were reviewed by an external physician blinded to the 
treatmentt code. Further information was requested by the investigator where necessary to support the 
diagnosis.. Endpoints were rejected from the primary analysis if there was insufficient clinical 
documentationn to support the diagnosis. 

Statisticall  methods 
Thee intent-to-treat method was used, including all data from patients randomised regardless of 
withdrawall  from randomised treatment. 

Progressionn to new CDC B/C disease was the primary efficacy parameter, defined according to the 
baselinee disease stage (see Table 3). A second analysis was performed including progression to new 
CDCC class C events only. 

Tablee 3. Progression from baseline disease stage. 
Baselinee disease stage Subsequent event required for 

progression n 
Asymptomaticc CDC B, CDC class C or death 
CDCC B New CDC B, CDC class C or death 
CDCC class C New CDC class C or death 
CDC,, Centers for Disease Control and Prevention 

Threee meta-analyses of the HTV- 1 disease events across all four trials were conducted: (i) all four 
trialss were pooled; (ii) North American trials were pooled; and (iii ) European trials were pooled. 

Al ll  analyses, were conducted using the same definition of combination and control groups: (i) 
combinationn ZDV/3TC, consisting of all high- and low-dose 3TC combination arms; and (ii) control, 
consistingg of all other treatment arms (ZDV monotherapy, ZDV/ddC combination). 

Thee 3TC-monotherapy arm of trial NUCA3001 was excluded from the analysis as the clinical benefit 
off  this monotherapy has not been established. For the primary analysis, data after 24 weeks from the 
controll  arms of the European trials, after the switch from ZDV to ZDV/3TC combination treatment, 
wass included in the control arm. The analysis was repeated excluding this data, however (see below). 

Baselinee disease stage was compared between groups using Fisher's exact test. The Cochran-Mantel-
Haenszell  test (stratified by trial) was used to determine the relative risk of progression to a first new 
CDCC B/C event; 95% confidence intervals (CI) for this relative risk were constructed using PROC 
FREQQ in SAS14. The time to first progression to new CDC class B and class C events was compared 
usingg the log-rank test (stratified by trial). The Cochran-Mantel-Haenszel Analysis of Variance 
(ANOVA)) test statistic (stratified by trial) was used to compare the total number of new and recurrent 
CDCC class B and class C events, regardless of baseline disease stage; for this analysis patient data on 
secondd and subsequent events were included15. The Breslow-Day test was used to investigate the 
degreee of treatment effect homogeneity across trials16. These methods were then repeated using the 
endpointt of progression to CDC C events only. 
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Severall  sensitivity analyses were performed. For the analysis of progression to first new CDC B/C 
event,, patients who withdrew from the trial were classified as progressions in order to test the effect 
off  withdrawal on the CDC B/C endpoint. For both the CDC B/C and the CDC C endpoints, an 'As-
Treated'' analysis was conducted, excluding events which occurred after withdrawal from randomised 
treatmentt and all events occurring during the 24-48 week 2DV/3TC open-label phase of trials 
NUCB30011 andNUCB3002. 

Results s 

Thee results are based on analysis of the 885 patients who were randomised to the four trials, excluding 
thee 87 patients in the 3TC-monotherapy arm of trial NUCA3001. A summary of the four trials is 
givenn in Table 1. There were 316 patients in the control group and 569 patients in the ZDV/3TC 
combinationn group. The treatment arms of individual trials were well balanced with respect to 
baselinee CD4 count and CDC disease stage (Table 2). Across the four trials, there was no difference 
inn baseline disease stage between the combination and control groups: overall 63% of the patients 
weree asymptomatic at baseline; 28% were in CDC class B; and 9% were in CDC class C. The 
incidencee of progression to new CDC B/C events and new CDC C events is shown in Table 2. 

Progressionn to CDC B/C disease 
Overall,, 118 patients progressed to a new CDC class B or C event in the four trials. A total of 24 
patientss progressed to CDC class C disease as their first progression event. An additional four patients 
developedd AIDS after having progressed to a new CDC B event during treatment. The most 
frequentlyfrequently occurring new CDC B events were oral candidiasis and oral hairy leucoplakia, accounting 
forr 68 of the patients who progressed. The other new CDC B events included multidermatomal herpes 
zoster,, persistent diarrhoea and peripheral neuropathy. There was a total of 270 new and recurrent 
CDCC B/C defining events during the course of the trials. 

Figuree 1 shows the relative risks (and 95% CI) of progression to first new CDC B/C events for each 
trial,, for the European (NUCB3001, NUCB3002) and North American trials (NUCA3001, 
NUCA3002),, and for all trials combined. The relative risks of progression are shown with 95% CI. 
Thee relative risk of progression to a new CDC class B/C event was approximately 50% lower for the 
ZDV/3TCC group relative to the control group in each trial, and this reduction was significant in two of 
thee trials. There was a significant reduction in disease progression for separate analyses of the North 
Americann trials (relative risk, 0.535; 95% CI,0.355-0.804) and the European trials (relative risk, 
0.466;; 95% CI, 0.264-0.822). 
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Fig.. 1. Relative risk of progression to Centers for Disease Control and Prevention B/C disease in the four trials compari 
zidovudine/lamivudinee combination with control therapy. North American trials: NUCA3001, NUCA3002; European tria 
NUCB3001,, NUCB3002. 
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Thee combined data from the four trials showed a 49% reduction in the progression rate for the 
ZDV/3TCC group relative to the control group (relative risk, 0.509; 95% CI, 0.365-0.710; analysis 
stratifiedd by trial). This result was also significant when the time to first progression was analysed (P 
<< 0.0001), and for the total number of new and recurrent events occurring during the trials (P < 
0.0001). . 

Figuree 2 shows the results of subgroup analyses, dividing the patients by baseline CD4 count (under 
2000 versus over 200 cells x 106/1), baseline disease stage (asymptomatic versus symptomatic) and 
priorr ZDV experience (naive versus experienced). Consistent reductions of approximately 50% were 
shownn both for patients with baseline CD4 counts- under 200 and over200 cells x 106/1. Similarly the 
clinicall  benefit was apparent in patients with or without symptoms at baseline and in both ZDV -naive 
andd ZDV -experienced patients. 

p-0.0011 I 

<200cefcx10*/ >> 2 200 cab x tOf t 

p^.063 3 

ifxfi.00 1 1 
0-0-001 1 

0-0.011 1 

Fig.. 2. Relativ e risk of progressio n to Centers for Disease Contro l and Preventio n (CDQ B̂ C in subgroups . ZDV, Zidovudine . 

Forr the sensitivity analysis, patients withdrawing from the trial were counted as progressing to CDC 
B/CC disease. The statistical significance of the clinical benefit of ZDV/3TC was not affected by this 
analysis,, which showed a 52% reduction in progression (p=0.002). An 'As-Treated' analysis of the 
dataa also showed significant reductions in disease progression (p=0.006). 

Progressionn to CDC stage C disease 
Twenty-eightt patients progressed to a first new AIDS- defining event during the four trials: 
oesophageall  candidiasis (10), Kaposi's sarcoma (five), Pneumocystis carinii pneumonia (four) , 
MycobacteriumMycobacterium avium complex (three), toxoplasmosis (two), progressive multifocal 
leukoencephalopathyy (PML) (two) and recurrent bacterial pneumonia (two). There was a total of 43 
neww and recurrent AIDS-defining events during the course of the four trials. 

Givenn the small number of events which occurred (Table 2), the confidence intervals are wide for the 
relativee risk of progression to AIDS in the individual trials. Nevertheless, the relative risk of 
progressionn to AIDS was uniform and below 0.5 for all four trials considered individually. For the 
overalll  meta-analysis, the 66% reduction in progression to AIDS for the ZDV/3TC group relative to 
controll  was statistically significant (relative risk, 0.344; 95% CI, 0.169-0.700; analysis stratified by 
trial).. This benefit was retained for analysis of the time to first progression to a new CDC C event (p= 
0.003),, and analysis of the total number of new and recurrent events (P= 0.002). The 'As- Treated' 
analysiss including only those events occurring on randomised treatment, and excluding the events 
occurringg during the 24-48 week open-label phase of NUCB3001 and NUCB3002 showed a relative 
riskrisk of 0.272 (95% CI, 0.112-0.66\;p=  0.004). 

Resultss from applying the Breslow-Day test did not show evidence for heterogeneity of treatment 
effectt between the four trials, both for analysis of progression to CDC B/C disease and for progression 
too CDC C disease (p > 0.10 for each comparison). 
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Threee out of the 972 patients died during the course of the trials. One patient died from HIV-related 
causess during trial NUCA3001 (PML). This patient had already been included in the analysis as 
havingg progressed to PML at an earlier time during the trial. Two patients died of non-HIV -related 
causess while enrolled in NUCA3001. One of these patients (treatment arm ZDV monotherapy) died 
fromfrom a stab wound. This death was not included in the analysis since its inclusion could have biased 
thee results in favour of ZDV/3TC combination. The second patient (treatment arm 3TC monotherapy) 
diedd from suicide. No patients died in the other three trials. 

Discussion n 

Inn each of the four trials, patients treated with ZDV/3TC showed consistent reductions in progression 
too new CDC B/C events relative to patients given control treatments. Meta-analysis of the four trials 
showedd a highly significant 49% reduction in progression to new CDC B/C events, together with a 
66%% reduction in progression to new CDC C events for ZDV/3TC-treated patients relative to those 
randomisedd to control treatments. There were relatively few CDC C endpoints, however, and only two 
deathss occurred, both unrelated to HIV-1 disease progression. Given these limitations, these results 
cannott be seen as definitive evidence of the clinical efficacy of ZDV/3TC. A large adult clinical 
endpointt trial has recently been completed and has shown a 55% reduction in progression to the 
endpointt of CDC C disease and death for combination ZDV/3TC treatment17. This is very similar to 
thee reduction shown in this meta-analysis which used the endpoint of CDC B/C disease; analysis of a 
Europeann cohort study has also shown a similar 59% lower mortality associated with ZDV/3TC 
treatment18. . 

Meta-analysess can generate useful information on treatment effects [19], particularly when designs 
aree consistent, treatment regimens are uniform, and trial conduct methodologies are standardised. 
Givenn the large sample sizes usually involved in meta-analyses, their conclusions tend to be less 
pronee to misinterpretation from Type I and Type II error when compared with the results of smaller 
individuall  trials. Meta-analyses, however, may have limitations if they include data from trials which 
differr in design and treatment regimens, or if a subset of the available or published data is used20. 

Certainn aspects of these four trials make them suitable for meta-analysis. For example the four study 
protocolss were uniform in terms of study procedures an the methods used to collect and classify CDC 
classs B- and class C-defining events There were no other randomised Phase II trials of ZDV/3TC 
conducted,, therefore there is no risk of selection bias in the set of four trials used for the meta-
analysis.. The four trials were run concurrently using the same dosages of zidovudine and 3TC and 
similarr control arms, although the control and arm for one of the trials was ZDV /ddC, which has 
shownn clinical benefit over ZDV monotherapy \ This clinical benefit would tend to bias the result of 
thee meta-analysis against showing a clinical benefit to ZDV/3TC. 

Thiss meta-analysis included CDC B events as primary endpoints. Although these events occur earlier 
inn the course of HIV-1 disease than CDC C events, natural history studies have shown that CDC B 
eventss are associated with an increased risk of progression to AIDS21'22 and CDC B events have been 
usedd as primary endpoints in a large prospective trial23. Data from the 24-48 week phase of the 
Europeann trials, when all patients received open-label treatment with ZDV/3TC, were included in the 
meta-analysis.. These data inclusions would be expected to bias the results against the ZDV/3TC arm; 
thee results for both the CDC B/C and CDC C endpoints remained statistically significant in a 
secondaryy analysis which excluded this data. The number of CDC C endpoints is small, but the 
significancee attained for the analysis of progression to CDC C events alone supports the overall 
conclusionss from analysis of the combined CDC B/C events. 
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Theree is considerable debate as to the type of data required to prove the clinical efficacy of 
antiretrovira ll  treatments. A recent meta-analysis has provided preliminar y evidence that trial s 
showingg greater. CD4 benefit to treatments have also shown greater  clinical benefits (Michael 
Hughes,, personal communication, 1996), but there are cases where rises in CD4 counts have not led 
too a clinical benefit.24. For  new combination treatments With substantial effects on CD4 counts and 
HTV-11 RNA , it may be difficul t to maintain good compliance in long-term clinical endpoint trial s 
againstt  a control known to have inferior  effects on CD4 and HIV RNA. Given these difficulties, meta-
analysiss of Phase II  trial s with consistent tria l designs may provide an alternative method to 
demonstratee clinical benefit for  new antiretrovira l treatments. This technique has been proposed for 
evaluationn of treatments for  cardiovascular  disease25. 
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CHAPTERR 3 

Letterr  in The Lancet Vol 337: May 4,1991 

CD44 cell counts in seven laboratory workers 

SIR,-Drr Phillips and colleagues report significant declines in absolute CD4 counts with time in most 
HIV-positivee patients with haemophilia and suggest that equations of linear regression between CD4 
andd increasing duration of HTV seropositivity can be projected to predict when individuals wil l 
progresss to AIDS. Our experience suggests that biological variables that can influence CD4 counts, 
suchh as intercurrent infections, may limit applicability to, for example, homosexual men. 

Theirr model may need to take account of different starting points on the slope—i.e., CD4 count before 
infection,, whether measured or, more probably, estimated. In other words, does the intercept of such a 
regressionn line influence the predictive power of the rate of decline of CD4 count with time? Our data 
onn variability of serial CD4 counts in healthy controls suggest that each individual may start from his 
orr her own particular range, but that these ranges vary widely between individuals. 

Wee did 95 CD4 counts on seven laboratory workers between October, 1989, and February, 1991, by 
wholee blood lysis and TACSCAN' flow cytometry (the technique used by Phillips et al). Blood was 
drawnn between 09.00 and 10.30 hours and only when donors were free from acute infections. All 
sevenn were heterosexual non-smokers at low risk for HTV infection. None reported needlestick injury. 
Inn none of them did the CD4 count fall significantly with time. 
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Thee mean (SD) CD4 count was 860 (316)/ul. Analysis of variance showed that the identity of the 
laboratoryy worker made a highly significant contribution to the variance in percentage and absolute 
CD44 counts (p <0.0001; figure). Student f-tests on log-transformed data revealed significant 
differencess between workers in both absolute and percentage CD4 counts. One had a mean CD4 count 
off  526/ul, with 45% of counts below 500; another had a mean of 1511/ul, with no results below 500. 

Iff  CD4 counts for individuals fluctuate within restricted regions of the normal range, as these results 
suggest,, there are three possible implications for the study of Phillips et al. First, there may be 
changess in CD4 count around the time of seroconversion which established a new baseline after 
whichh declines in CD4 can be interpreted. Second, those with lower baseline CD4 counts may show 
slowerr declines of CD4 with time. Third, individuals may show a decline in CD4 count after HTV 
infectionn from the baseline value such that the rate of decline is independent of the baseline value. 
Takingg the mean rate of decline in CD4 as 80/ul per year from Phillips et al, the third possibility 
wouldd suggest that an individual with a baseline CD4 of 550/ul would be expected to progress to 
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AID SS in 6.25 years, while an individual with the same rate of decline in CD4 but with a baseline of 
11500 would progress in 13.75 years. The relative influence of the intercept and the slope of the 
regressionn lines in Phillips' study therefore needs to be clarified. 

Andreww M Hil l 
Departmentt of Biology, 
Imperiall  College, 
Londonn SW7 

Theresaa Ekong, Colin Clark, Mark Gompels, Anthony J Pinching. 
Departmentt of Immunology, 
Stt Mary's Hospital Medical School, 
Londonn W2 1 PG, UK 

Thesee letters have been shown to Dr Phillips and colleagues, whose reply follows.-ED. L . 

SIR,-Drr Hil l and colleagues point out that HTV-seropositive individuals can have a wide variation in 
CD44 lymphocyte counts and, since the decline of the CD4 count is strongly associated with the 
developmentt of AIDS, suggests that this factor may explain some of the variation in rates at which 
HIV-infectedd patients progress to AIDS. Their hypothesis is likely to depend on whether there is a 
differentt rate of decline in CD4 lymphocytes in individuals with lower pre-infection counts compared 
withh those with higher pre-infection counts. Few data are available to answer this question because 
CD44 counts are seldom measured before HIV infection. The intercept and slope of the regression of 
CD44 count against time from seroconversion is not a reliable approach since those patients with 
steeperr slopes wil l tend to have higher intercepts, irrespective of the true association (Spearman rank 
correlationn coefficient =-0-51 [p=0.0001] in our patients). Independent estimates of the two variables 
aree required. However, we have been able to study the association between the intercept and the 
occurrencee of AIDS up to Jan 1, 1990.This analysis shows that patients with a higher intercept for 
theirr regression line (with a lower presumed pre-infection CD4 count) were more likely to develop 
AIDSS by Jan 1,1990, than those with a higher intercept (relative risk 1-6, p=0.03): 

Interceptt (x 109/1) 
AIDSS by Jan 1 1990 <0.85 >0.85 

Yess 13 5 
Noo 21 16 

Patientss with lower pre-infection CD4 counts seem to progress to AIDS more rapidly than those with 
higherr pre-infection counts, as suggested by Hil l et al. This finding must be confirmed in other 
studies.. However, the variability between individuals in the rate of decline in CD4 count remains the 
mainn determinant of the differences in rates of progression to AIDS. 
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Abstract t 

Too predict the probability of long-term viral suppression during treatment with zidovudine and 
lamivudine,, human immunodeficiency virus type 1 (HTV-1) RNA values were retrospectively pooled 
forr 1083 patients from six randomised, double-blind clinical trials. All analyses of HTV-1 RNA were 
obtainedd using the Roche Amplicor assay or its earlier prototype. Time to loss of response was 
evaluatedd by Kaplan-Meier analysis; Cox proportional hazards models were used to assess the 
influencee of baseline variables. Among 523 patients with <6 months of prior zidovudine treatment, 
thee probability of HIV-1 RNA suppression below 400 copies/ml at 48 weeks was 71% in those with 
HIV-11 RNA <5000 copies, but only 14% in those with HIV-1 RNA between 50,000 and 200,000 
copies/ml.. Among 560 patients with >6 months of prior zidovudine treatment, the rates of sustained 
virall  suppression were lower, but also significantly associated with the baseline HIV-1 RNA. 
Multivariatee analyses showed no independent effect of CD4 cell count, age, sex, race or CDC disease 
stagee on the probability of sustained HIV-1 RNA suppression. When patients were <6 months of prior 
therapyy were stratified based on the magnitude of HIV-1 RNA nadir achieved during treatment, those 
whoo reached a nadir of <400 copies/ml retained this response for significantly longer time periods 
thann the ones who only achieved partial viral suppression. In conclusion, baseline HIV-1 RNA levels 
andd the duration of prior zidovudine therapy strongly predict the antiretroviral efficacy of 
zidovudine/lamivudine.. The baseline parameters should influence the choice of the antiretroviral 
regimen. . 

Introductio n n 

Thee current aim of antiretroviral treatment for human immunodeficiency virus type 1 (HTV-1) 
infectionn is to suppress viral replication as completely as possible, ideally to below the detection 
limitss of available HTV-1 RNA assays1. Not only are initial HIV-1 RNA levels strongly predictive of 
subsequentt clinical progression2,3, but treatment-induced reductions of HIV-1 RNA levels are 
associatedd with a lower risk of progression to AIDS and death3*6. Rebound of HIV-1 RNA levels after 
ann initial treatment-induced response is associated with the development of drug resistance 
mutationss *, and both high HTV-1 RNA levels and drug resistance are predictive of subsequent 
therapeuticc failure ' 10. Highly active antiretroviral regimens have been shown to achieve sustained 
suppressionn of viral replication and to prevent development of resistance11"14. Patients with only a 
partiall  reduction in HIV-1 RNA, to a level about the lower limit of detection, remain at risk of 
acquiringg resistance mutations15. Given the potential for cross-resistance between nucleoside analogue 
reversee transcriptase inhibitors (NRTIs)16 as well as between protease inhibitors17, patients developing 
resistancee to one treatment through inadequate suppression of HIV-1 RNA are liable to compromise 
theirr future treatment options118. 
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Combinationn therapies including NRTIs plus a non-nucleoside reverse transcriptase inhibitor 
(NNRTI)) or one or two protease inhibitors11' 13' 19,20 lead to a higher proportion of patients with 
undetectablee HIV-1 RNA than treatment with two NRTIs6. However, even triple combination 
treatmentss fail to maintain HIV-1 RNA at undetectable levels in a meaningful proportion of the 
population1119.. Despite recommendations to treat almost every HIV-infected patient with triple 
combinationn therapy, groups of patients exist for whom such a regimen is not appropriate and not 
possible,, owing to poor compliance or risk of drug interactions of toxicity1. In addition, the benefit of 
triplee combination therapy over double NRTI combinations has not been clearly denned for patients 
withh low plasma HIV-1 RNA levels (e.g. <5000 copies/ml). In order to investigate the treatment 
effectt at different levels of HIV-1 RNA and to identify correlates with sustained HIV-1 RNA 
suppressionn during NRTI combination treatment, the virological response in patients treated with 
zidovudine/lamivudinee within six prospective, randomised trials was pooled and retrospectively 
analysed. . 

Patientss and Methods 

Patients s 
Dataa for patients treated with zidovudine/lamivudine and with available HIV-1 RNA measurements 
weree pooled from six double-blind, randomised studies. The NUCA 300121 and NUCA 300222 trials 
weree comparisons of 52 weeks of zidovudine/lamivudine treatment versus control monotherapy 
regimenss of zidovudine or lamivudine (NUCA 3001) or zidovudine/zalcitabine (NUCA 3002). NUCA 
30011 recruited patients with less than 4 weeks of prior NRTI treatment, while NUCA 3002 recruited 
thosee with over 6 months of prior treatment. The NUCB 300123 and NUCB 300224 trials were 
comparisonss of 24 weeks of treatment with zidovudine/lamivudine versus zidovudine, followed by an 
open-labell  phase when all patients could receive zidovudine/lamivudine. NUCB 3001 recruited 
patientss with less than 4 weeks of prior NRTI treatment, while NUCB 3002 recruited those with over 
66 months of prior treatment. The CAESAR trial25 compared 52 weeks of treatment with either 
placebo,, lamivudine, or lamivudine plus loviride in addition to current treatment, which could be 
eitherr zidovudine monotherapy, zidovudine/didanosine or zidovudine/zalcitabine. The AVANTI 
triall  was a comparison of 52 weeks of treatment with either zidovudine/lamivudine or 
zidovudme/lamivudine/loviride.. Based on the different study designs, all participants in the present 
analysiss were stratified by those who had received <6 months or more than 6 months of prior 
antiretrovirall  treatment. Pre-treatment always included zidovudine but excluded non-nucleoside 
reversee transcriptase inhibitors or protease inhibitors. Two hundred and thirty-nine patients from the 
CAESARR and AVANTI- 1 trials were randomised to receive loviride in addition to 
zidovudine/lamivudine.. Because the combination of zidovudine/lamivudine/loviride lacked a 
significantt clinical benefit in comparison to zidovudine/lamivudine alone25, these patients were also 
includedd in this analysis. All studies were approved by the Ethics Committees of the participating 
centress and informed consent was obtained from all patients prior to the start of the studies. 

Thee analyses of HTV-1 RNA were obtained using the Roche Amplicor assay except in the NUCA 
30011 and NUCA 3002 trials in which the prototype Roche Molecular Systems' reverse transcriptase-
PCRR assay was used with a lower detection limit of 200 copies/ml. All patients in the NUCA 3001, 
NUCAA 3002 and AVANTI- 1 trials were analysed. Thirty-one patients from non-French centres in 
NUCBB 3001, and 31 patients from various centres in NUCB 3002, were assessed for HIV-1 RNA. For 
thee CAESAR trial, HIV-1 RNA was obtained for (i) all patients in the French and Belgian trial 
centres,, (ii) all patients treatmentt naive at baseline, and (iii ) all patients who progressed to the primary 
endpointt of AIDS or death, plus a random sample of patients who did not progress. Five hundred and 
eighty-sixx patients were tested at least once for HIV-1 RNA at baseline and during treatment in 
CAESAR. . 

Inn all trials, HIV-1 RNA was assessed at baseline and then approximately every 4-8 weeks thereafter 
upp to week 24 for trials NUCB 3001 and NUCB 3002, and up to week 52 for trials NUCA 3001, 
NUCAA 3002, AVANTI- 1 and CAESAR. 
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Statisticall  methods 
Thee justification for pooling data from the six trials in the analyses was (i) the trials were all 
conductedd hetween 1993 and 1996, using the same doses of zidovudine and lamivudine; (ii) the 
Rochee Amplicor assay was used to assess HIV-1 RNA (or its prototype in the NUCA3001 and NUCA 
30022 trials); (iii ) all trials were of 12 months duration; (iv) all randomised trials of 
zidovudine/lamivudinee conducted and completed by Glaxo-Wellcome during this period were 
includedd in these analyses, with no data exclusions which could confound or bias the analyses. 

Participantss in the analysis were stratified into those with <6 months, and those with >6 months prior 
antiretrovirall  therapy. Kaplan-Meier plots of time to loss of response ('virological failure', defined as 
HTV-11 RNA levels above 400 copies/ml in two consecutive measurements) were constructed. The 
'timee zero' was the time point when HIV-1 RNA levels first fell below 400 copies/ml. Patients who 
didd not achieve HTV-1 RNA suppression below this threshold were defined as having failed treatment 
onn day 0. The time of virological failure was the date that HIV-1 RNA levels first rose above 400 
copies/ml,, provided that this was confirmed at the next visit. Data was excluded after permanent study 
drugg discontinuation. 

Thesee analyses were then repeated stratifying for baseline HIV-1 RNA of <5000 copies/ml, 5000-
200000 copies/ml; 20000-50000 copies/ml; 50000-200000 copies/ml; >2000000 copies/ml. Cox 
proportionall  hazards models were used to assess the influence of baseline variables on the time to 
virologicall  failure. 

Too compare the durability of a partial with a full HTV-1 RNA response, we analysed how long 
patientss remained within 0.5 log10 copies/ml of a defined HIV-1 RNA nadir. For these analyses, three 
differentt nadir levels of <400; 400-1000, and 1000-5000 copies/ml were constructed, based on the 
singlee lowest value ever achieved during treatment. The analyses were restricted to patients who 
showedd at least a 0.5 log reduction in HIV-1 RNA on treatment. If two subsequent, consecutive HTV-
11 RNA measurements were at least 0.5 log,0 copies above the respective nadir, the response was 
definedd as lost. Kaplan-Meier estimates of the percentage of patients with HIV-1 RNA levels that 
remainedd within 0.5 log]0 copies/ml of each of the three nadir levels were then obtained and compared 
withh each other. 

Results s 

AA total of 1083 patients, evaluated for HTV-1 RNA in the six studies, were included in these analyses. 
Thee baseline characteristics were comparable for the two stratified groups except for the CD4 
lymphocytess that were significantly lower in the pre-treated patients (Table 1). 
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Tablee 1. Baseline characteristics 

Parameter r 
Numberr of patients 
Male e 
Meann age (range), years 
CDCC stage 

AA (asymptomatic) 
B B 
C(AIDS) ) 

Priorr antiretroviral treatment 
Numberr of patients 
Priorr ZDV/ddC or ZDV/ddl 
Meann CD4 cell count/u.1 (range) 
Meann logI0 HIV-1 RNA/ml 

Numberr of patients with HTV-1 RNA 
<5000 0 
5000-20000 0 
20000-50000 0 
50000-200000 0 
>200000 0 

Priorr NRTI treatment 
<66 months 
523 3 
4399 (84%) 
36.44 (18-68) 

3233 (44%) 
2166 (41%) 
755 (14%) 

3544 (68%) 
10(2%) ) 
2488 (31-690)* 
4.88 (2.6-6.5) 

inn the range (copies/ml): 
433 (8%) 
799 (15%) 
833 (16%) 
179(34%) ) 
139(27%) ) 

>66 months 
560 0 
4877 (87%) 
38.0(19-67) ) 

189(34%) ) 
2533 (45%) 
118(21%) ) 

560(100%) ) 
197(35%) ) 
159(26-754)* * 
4.88 (2.6-6.5) 

588 (10%) 
84(15%) ) 
800 (14%) 
185(33%) ) 
1533 (27%) 

Al ll  patients 
1083 3 
9266 (86%) 
37.2(18-68) ) 

4211 (39%) 
4699 (43%) 
1933 (18%) 

914(84%) ) 
2077 (19%) 
2022 (26-754) 
4.88 (2.6-6.5) 

1011 (9%) 
1633 (15%) 
1633 (15%) 
3644 (34%) 
2922 (27%) 

*p=0.0001 1 

Treatmentt with zidovudine/lamivudine resulted in a maximum HTV-1 RNA reduction by median 1.9 
log100 and 1.3 log]0 in patients with <6 months and >6 months of prior NRTI therapy, accompanied by 
increasess in CD4 cell count of 70 and 49 cells/mm3, respectively. After 48 weeks, HTV-1 RNA was 
stilll  reduced by median 0.8 logio and 0.5 logio, respectively. Based on Kaplan-Meier estimates, 49% 
andd 20% of patients with <6 months and >6 months of prior treatment achieved suppression of HTV-1 
RNAA below 400 copies/ml on at least one occasion during treatment with zidovudine/lamivudine. In 
bothh groups, 80-90% of treatment responses occurred within the first 8-12 weeks of treatment (Figure 
1). . 

Figuree I. Cumulative time to first HIV-1 RNA suppression 
beloww 400 copies/ml (Kaplan-Meier estimates) in patients 
withh s6months (dashed line) and >6months (solid line) of 
priorr treatment 
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However,, most patients whose HTV-1 RNA levels fell below the lower limit of detection (400 
copies/ml)) showed a subsequent rise. In both groups, the rate of treatment failure was significantly 
fasterr for those patients with higher baseline HTV-1 RNA levels. 

Thee times from the initial treatment response to a possible subsequent treatment failure were then 
combinedd in a single measurement of sustained HTV-1 RNA suppression. Patients were defined as 
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treatmentt failures at day 0 of treatment if their HTV-1 RNA never fell below 400 copies/ml. For those 
patientss whose HTV-1 RNA had become undetectable, the time to treatment failure was estimated by 
thee subsequent duration on treatment. Kaplan-Meier plots of the proportion of patients showing 
sustainedd HTV-1 RNA suppression over time are shown in Figure 2. 

Figuree 2. Time to virological failure after HIV-1 RNA suppres-
sionn below 400 copies/ml, stratified by baseline HIV-1 RNA 
levell (Kaplan-Meier estimates, non-responders included as 
failuree at day 0} 
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Thee lines represen t in descendin g orde r th e following  range s o f baselin e HIV-1 
RNA::  <5000.500O20000,20000-50000, 50000-200000 and >200000 
copies/ml .. (a) Patient s wit h s6 month s o f prio r treatment ; P<0.0001 for 
compariso nn betwee n th e groups , (b) Patient s wit h >6 month s of prio r treat -
ment ;;  P<0.0001 fo r compariso n betwee n tiie  groups . 

Theree were striking differences in the probability of both achieving a reduction below 400 copies/ml 
andd sustaining this reduction according to the baseline HTV-1 RNA level. In patients with <6 months 
off  prior treatment HTV-1 RNA fell below 400 copies/ml in 89% of those with baseline HTV-1 RNA 
<50000 copies/ml, and 71% of patients sustained this reduction for 48 weeks. In contrast, only 39% of 
patientss with baseline HTV-1 RNA of 50000-200000 copies/ml achieved undetectable HTV-1 RNA, 
andd only 14% maintained this response for 48 weeks (Figure 2a). In patients with >6 months of prior 
treatment,, fewer achieved and maintained treatment effect. Among those with baseline HTV-1 RNA 
<50000 copies/ml, 66% achieved levels below 400 copies/ml and 41% sustained this reduction over 48 
weeks.. In patients with baseline HTV-1 RNA of 50000-200000 copies/ml, only 6% reached levels 
beloww 400 copies/ml, and 1% sustained this reduction over 48 weeks (Figure 2b). 

Multivariatee Cox proportional hazard rates models were used to determine the relative effects of prior 
NRTII  treatment, baseline HTV-1 RNA level, CD4 cell count, and demographic parameters on the 
durabilityy of viral suppression below 400 copies/ml. Higher baseline HTV-1 RNA levels and >6 
monthss of prior NRTI treatment were significant and independent predictors of failure to maintain 
HTV-11 RNA suppression below 400 copies/ml. When these two variables were included in the 

33 3 



multivariatee model, there was no additional independent effect of age, sex, race, CDC disease stage or 
baselinee CD4 cell count on the risk of virological failure. (Table 2) 

Tablee 2. Risk of failure to achieve sustained HIV-1 RNA suppression below 400 copies/ml (all patients, Cox proportional 
regressionn analyses) 

Parameter r 
Baselinee HTV-1 RNA 
Baselinee CD4 cell count 
<66 months NRTI 
Age e 
Gender r 
Race e 
CDCC Stage 
HR,, Hazard ratio: 95% CI, 95< 

Univariate e 
HR R 
1.74 4 
0.90 0 
0.70 0 
1.00 0 
1.16 6 
1.06 6 
0.84 4 

VoVo confidence intervals 

95%% CI 
1.57-1.92 2 
0.88-0.93 3 
0.62-0.81 1 
0.99-1.01 1 
0.96-1.40 0 
0.91-1.25 5 
0.77-0.92 2 

Multivariate e 
HR R 
1.76 6 
0.98 8 
0.68 8 
0.99 9 
1.13 3 
0.88 8 
1.03 3 

95%% CI 
1.57-1.97 7 
0.94-1.01 1 
0.58-0.78 8 
0.99-1.00 0 
0.93-1.37 7 
0.74-1.04 4 
0.93-1.14 4 

.PP value 
<0.001 1 
0.20 0 
<0.001 1 
0.19 9 
0.23 3 
0.13 3 
0.60 0 

Patientss with at least a 0.5 logio reduction in HTV-1 RNA were divided in three groups based on the 
magnitudee of HTV-1 RNA nadir achieved during treatment: <400 copies/ml (full virological 
response),, and 400-1000 and 1000-5000 copies/ml (partial virological responses). The three groups 
weree then compared regarding the time to the loss of this response, defined as subsequent HIV-1 RNA 
risee of at least 0.5 logi0 copies/ml above the respective nadir level. Patients with <6 months of prior 
treatmentt who achieved an HTV-1 RNA nadir of 400 copies/ml retained this response for significantly 
longerr time periods (median 13.1 weeks) than those who only reached between 400 and 1000 or 
betweenn 1000 and 5000 copies/ml (median 5.9 and 5.4 weeks, respectively, PO.0001). For patients 
withh >6 months of prior treatment, however, there was no significant difference in the time to a 
reboundd in HTV-1 RNA above the nadir level between those with full versus those with partial 
virologicall  responses. (Figure 3) 
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Figur ee 3.Time-t o loss of HIV-1 RNA suppressio n in patient s 
wit hh ful l versu s partia l virologica l respons e (Kaplan-Meie r 
estimates ))  < 
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Losss of virological response was defined as rise >0.5 iog„ copies/ml of the 
lowestt (nadir) HIV-1 RNA achieved on treatment (a) Patients with <6 months 
off prior NRTI who achieved ah HIV-1 RNA nadir of <400 (n-152), 400-1000 
(n=66).. or 1000-5000 copies/ml (fl-100): P<0.0001 for comparison between 
thee groups, (b) Patients with >6 months of prior NRTI who achieved anjHIV-1 
RNAA nadir of < « » ( n - 4 5 ) , 400-1000 (n-27), or 1000-5000 copies/ml (n-78); 
comparisonn between the groups not statistically significant 

Discussion n 

Treatmentt with zidovudme/lamivudine induced a virological response in 49% of patients with <6 
monthss prior treatment and in 20% of patients with >6 months prior treatment. This response, defined 
ass suppression of HTV-1 RNA below 400 copies/ml, was achieved by 80-90% of all responding 
patientss within 8-12 weeks of starting treatment. The rapid onset and magnitude of virological 
efficacyy of zidovudine/lamivudine was comparable with the effects of zidovudine/didanosine as 
assessedd in the Delta trial. In a similar population, using the slightly higher HTV-1 RNA detection 
limi tt of 800 copies/ml, 61% of treatment-naive patients and 24% of zidovudine-experienced patients 
achievedd undetectable HTV-1 RNA levels following treatment with zidovudine/didanosine. The 
efficacyy of zidovudine/zalcitabine, also assessed in the Delta trial, suppressed HTV-1 RNA below 800 
copies/mll  in 40% and 28% of patients respectively.6 The reductions of HTV-1 RNA following 
treatmentt with both zidovudine/didanosine and zidovudine/zalcitabine have been associated with 
documentedd clinical benefit over zidovudine monotherapy.27'28 Similarly, a significant reduction in 
morbidityy and mortality was also achieved using zidovudine/lamivudine 25, despite sustained 
suppressionn of HTV-1 RNA below 400 copies/ml in only a minority of patients. After these studies 
weree conducted, the comparison of a double NRTI combination with a triple combination treatment 
includingg the protease inhibitor indinavir demonstrated that the latter induced a more efficient 
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suppressionn of HIV-1 RNA and an additional reduction in progression to AIDS and death.19 

Treatmentt with highly active antiretroviral combination treatments which increase the chance of HEV-
11 RNA suppression to under 400 copies/ml1 U3'1V° has therefore become the standard of care and the 
combinationn zidovudine/lamivudine should ideally be used only as part of fully suppressive regimens 
basedd on current guidelines.1 

Inn this analysis, the probability of achieving a sustained reduction in HIV-1 RNA was highly 
dependentt on baseline HIV-1 RNA level and on the duration of previous NRTI therapy. A concordant 
resultt was also reported from the Delta trial in which time to virological failure was significantly 
longerr in patients with baseline HIV-1 RNA below 800 copies/ml.6 In our analysis, only patients with 
baselinee HIV-1 RNA <5000 copies/ml and littl e previous NRTI exposure had a reasonable probability 
(71%)) of sustaining undetectable HIV-1 RNA at 48 weeks on zidovudine/lamivudine, whereas those 
withh higher baseline HTV-1 RNA levels, and all those with longer prior treatment, were unlikely to 
achievee sustained HIV-1 RNA suppression. Given the strong impact of the baseline HIV-1 RNA level 
onn the magnitude and durability of the virological response, it is conceivable that even triple 
combinationn treatment will be insufficient to induce sustained viral suppression in patients with very 
highh baseline HIV-1 RNA levels, i.e., those with >200000 copies/ml. The predictive value of baseline 
HIV-11 RNA also supports the concept of the individually variable virologie setpoint in which the 
levell  of viral load in plasma parallels the rate of viral replication.29 Higher numbers of resistance 
mutationss produced by high levels of viral replication before the start of treatment would lead to an 
increasedd risk for loss of treatment efficacy owing to pre-existing resistant virus that has either 
retainedd the ability to replicate or becomes activated from its latent stage despite treatment. 

Thee majority of patients who showed initial suppression in HTV-1 RNA lost this treatment effect 
withinn the 52 weeks follow-up in the trials. The virological response lasted the longest in patients who 
achievedd an HTV-1 RNA nadir below 400 copies/ml and who were not heavily pre-treated. In the 
otherr patients, particularly those who only reached an HTV-1 RNA nadir that was higher than 400 
copies/ml,, the virological failure occurred between 5.4 and 8 weeks after the initial response. These 
resultss indicate that the duration of HIV-1 RNA suppression is dependent on the ability of an 
antiretrovirall  regimen to suppress HTV replication as strongly as possible - a principle that has been 
recentlyy confirmed by viral load measurements under combination regimens including an NNRTI or a 
proteasee inhibitor.30"33 

Thee loss of maximal treatment response in our analysis is obviously related to the emergence of virus 
resistantt to zidovudine and lamivudine.34 Treatment with zidovudine/lamivudine typically causes 
substantiall  early reductions in HIV-1 RNA when virus sensitive to lamivudine can no longer replicate. 
AA subsequent rise in HTV-1 RNA levels coincides with the emergence of lamivudine-resistant HIV-1, 
butt mean HIV-1 RNA levels remain below baseline for most patients. This may be due to the 
continuedd action of zidovudine, reduced replication competence of lamivudine-resistant HTV-1, or a 
combinationn of these factors.34'35 

Theree are four aspects specific to the datasets used. Firstly, the data allow prediction of HTV-1 RNA 
suppressionn in the short-term (up to 1 year), but these results cannot necessarily be extrapolated to 
longer-termm follow up. Secondly, zidovudine/lamivudine combination treatment does not suppress 
HTV-11 RNA to undetectable levels in the vast majority of patients as reported for highly active 
combinationss such as zidovudme/lamivudine/indinavir, zidovudine/didanosine/nevirapine, or 
ritonavir/saquinavir.ritonavir/saquinavir.1111''13191319''2020 The correlation between early suppression of HIV-1 RNA, long-term 
virall  suppression and clinical progression may be different for such combinations. Thirdly, treatment 
withh zidovudine/lamivudine reduces HIV-1 RNA levels sharply, followed by a rebound towards 
baselinee coincident with the emergence of lamivudine-resistant virus. However, HIV-1 RNA levels 
remainn partially suppressed at detectable levels. Different combination treatments with alternative 
resistancee profiles of influence on viral fitness35 could show other correlations between baseline HIV-
11 RNA and the likelihood of sustained suppression below 400 copies/ml. Finally, analysis of HIV-1 
RNAA levels using more sensitive 'ultra-direct' PCR methods has shown that a subset of patients with 
reductionss below 400 copies retain plasma HIV-1 RNA levels between 20-400 copies/ml.1113 
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Replicationn may be ongoing, and mutations may emerge in these patients, albeit at a slow rate, and the 
earlierr detection of virological failure could influence the interpretation of the results. Reduction of 
HIV-11 RNA to below 20 copies/ml seems too be necessary to accomplish a long-lasting suppression of 
virall  replication.31"33 Given the high virological failure rate on zidovudine/lamivudine in this analysis 
andd assuming that not all patients with HIV-1 RNA below 400 copies/ml would also be below the 
lowerr detection limit of an ultrasensitive test, double combination treatments with NRTIs should only 
bee recommended in exceptional circumstances. 

Ourr results have also implications for the timing of HIY-1 RNA monitoring. Maximum virological 
responsee was demonstrated for 80-90% of patients before week 12, with the greatest risk of failure 
usuallyy seen by week 20. Thus, monitoring of HIV-1 RNA every 2-3 months after starting 
zidovudine/lamivudinee seems sufficient to allow early detection of treatment failure, whereas less 
frequentt monitoring (e.g., every 3-4 months) may be justified at a later stage to confirm the 
maintenancee of virological response. The time required for the majority of patients to show full 
virologicall  response, however, is longer (4 to 6 months) if more sensitive ultra-direct PCR methods 
aree used for HIV-1 RNA detection.111319 

Inn summary, our data demonstrate that baseline HIV-1 RNA should influence the choice of 
antiretrovirall  treatment regimen. While double NRTI treatment may offer a chance of sustained 
virologicall  suppression to selected patients with low baseline HTV-1 RNA and little prior treatment, 
highlyy active antiretroviral therapy, preferentially including a protease inhibitor, is generally 
necessaryy to achieve sustained suppression of HIV. 
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CHAPTERR 5 

Letterr  in The LANCET Vol 345 March 25,1995 

Predictionn of progression to AIDS with serum HTV-1 RNA and CD4 count 

SIR-Ratess of HIV-I disease progression vary widely between individuals who are positive for HIV-1 
antibody.. CD4 count is currently the principal marker used to assess risk of progression to AIDS. 
Mostt patients presenting with AIDS-defining conditions have CD4 counts under 200/ul However, a 
subsett of patients with low CD4 counts remains free of clinical symptoms and signs of AIDS over 
longg periods. We have developed a PCR-based method for the quantification of serum HIV-1 RNA 
loadd (qRNA)1. The assay measures the number of virions with RNA within intact HIV-1 envelope and 
thee measures of viral load obtained from this assay have a direct numerical relation with results from 
plasmaa virus culture.2 Because of its specific nature the assay gives values 100 to 1000 times lower 
thann more recently developed commercial assays. We have used this technology to evaluate the 
predictivee value of qRNA for HIV-1 disease progression relative to that of CD4 count and other 
indirectt virological markers. 

Commencingg in 1992, qRNA, CD4 counts, and other indirect virological markers were evaluated at 
baselinee for 104 patients who had been recruited for a dose-ranging study of lamivudine.3 Final 
analysiss was carried out on 85 of 104 patients with complete data for CD4 counts, qRNA, and clinical 
follow-up.. These patients had a mean baseline CD4 count of 236/uL (range 10-495) and a mean 
baselinee qRNA of 890 RNA copies/mL (range 10-128000). The mean follow-up time after the 
baselinee visit was 713 days (range 17-1031). During this time 16 of 85 patients progressed to AIDS. 
Analysiss with Cox proportional hazard rates modelling showed that low CD4 counts and high levels 
off  qRNA were strongly associated with progression to AIDS (chi-square 17.6, p=0.0018; and 21-6, 
p=0.001).. By contrast, p24 antigen, immune complex dissociated p24 antigen, and beta-2-
microglobulinn were not predictive of progression in this cohort study (chi-square <2.0 for each 
marker).. The combination of CD4 count and qRNA provided the most powerful prediction of 
progressionn to ADDS (chi-square 29.9, pO.0001) and this could not be improved by incorporation of 
thee other markers. 
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Figure:: Comparison of Individua l serum qRNA and CD4 vak 
inn 85 patients 

Figure:: Comparison of Individual serum qRNA and CD4 values in 85 patients. 
Patientss who progressed to AIDS ) a mean of 713 days from baseline are clustered in or near quadrant defined by CD4 
countss <200/uL and serum qRNA >500 HIV-1 RNA copies/mL (latter value represents lower limit defined by our assay for 
922 patients with AIDS-unpublished data) 
O=non-progressors.. Serum HIV-1 RNA load expressed as log10 copies/mL such that 1=10 copies/mL. 2=100 copies/mL. 
3=10000 copies/mL. &c , 

Comparisonn of individual patients at baseline (figure) showed that those progressing to AIDS during a 
meann follow-up of about 2 years were already clustered in a quadrant defined by CD4 counts under 
200/uLL and serum qRNA over 500 copies/mL. 14 of 16 patients (87.5%) who progressed to AIDS had 
baselinee values for CD4 and qRNA in this quadrant, and of the 29 patients in this quadrant 14 
progressedd (48%). 

Thesee data suggest that the combination of serum qRNA and CD4 counts may be used to distinguish 
thee majority of patients at high risk of progression to AIDS within 2 years, and these patients could be 
targetedd for early antiretroviral therapy and prophylaxis against opportunistic infections. These 
findingss need to be confirmed in other cohort studies; this cohort wil l be followed further to determine 
fromm which quadrant the future progressions wil l be derived. 

Clivee Loveday, Andrew Hil l 
Divisionn of Virology. University College London Medical School. London WIP 6DB UK and Glaxo 
Researchh and Development Group, Greenford, Middlesex. 
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2.. Loveday C, Kaye S, Tenant-Flowers M, et al. HIV-1 RNA serum load and resistant viral genotypes during early 
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3.. Van Leeuwen R, Katlama C, Kitchen V, et al. The safety and efficacy of 3TC (lamivudine) in patients with asymptomatic 
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Researchh and Development, Research Triangle Park, North Carolina, USA and tAntiviral Clinical 
Research,, GlaxoWellcome Research and Development, Greenford, Middlesex, UK. 

Datee of receipt: 20 February 1998; revised: 16 June 1998; accepted: 18 June 1998. 

Context t 
Theree is littl e information available on the correlation between HTV-1 RNA level, CD4 cell count and 
thee risk of progression to AIDS or death during treatment with reverse transcriptase inhibitors. 
Objectives:: To define the correlation between HIV-1 RNA level, CD4 cell count and the 1 year risk of 
progressionn to AIDS or death. 

Design n 
Pooledd analysis of six randomised clinical trials of zidovudine/lamivudine versus control treatments. 
Setting:: Investigational sites in Europe, North America, Australia and South Africa. 

Patients s 
Thee trials recruited 1488 adult HTV-1-infected male and female patients aged > 18 years, with 
inclusionn CD4 cell count between 25 and 500 x 106 cells/1. Patients were either nucleoside analogue-
naivee or pre-treated, and at all stages of HIV-1 disease. 

Mainn outcome measures 
Progressionn (defined as all new and recurrent AIDS-defining events or death) was correlated with the 
HIV-11 RNA level and CD4 cell count during the first 8 to 52 weeks of treatment. 

Results s 
Duringg a median 1 year follow up, progression was largely restricted to patients with both low CD4 
celll  count (< 200 x 106 cells/1) and high HIV-1 RNA level (>5000 copies/ml). There was an increase 
inn the incidence of progression events with rises in HIV-1 RNA level >5000 copies/ml and reductions 
inn CD4 cell count under 200 x 106 cells/1. The events occurring with HIV-1 RNA <5000 copies/ml 
weree generally atypical. 

Conclusions s 
Progressionn to AIDS or death is rare for patients with HTV-1 RNA <5000 copies/ml, particularly 
whenn CD4 cell count is more than 200 x 106 cells/1. 

Introductio n n 
Thee risk of progression to AIDS or death has been correlated with lower CD4 cell count and higher 
HIV-11 RNA level in natural history studies1'2. Treatment-associated rises in CD4 cell count and 
reductionss in HIV-1 RNA are known to reduce the risk of disease progression3,4. Therefore HTV-1 
RNAA levels are increasingly being used in addition to CD4 cell count to guide decisions on initiation 
andd modification of antiretroviral therapy5. However there is littl e information available on the actual 
HIV-11 RNA levels at the time of progression on treatment and on the correlation between levels of 
HIV-11 RNA and CD4 count during treatment and progression to AIDS or death. Furthermore it is not 
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knownn whether there is an HTV-1 RNA level below which the incidence of progression events is rare 
orr even non-existent. Given these uncertainties, a pooled analysis of patients in six randomised 
clinicall  trials of nucleoside analogues was conducted to examine the correlation between CD4 cell 
count,, HTV-1 RNA level and the risk of progression (defined as new AIDS-defining event or death) 
duringg antiretroviral treatment with reverse transcriptase inhibitors with a mean follow up period of 
522 weeks. 

Patientss and methods 
Dataa from 1488 HTV-1-infected patients were combined from six double blind, randomised studies. 
(Tablee l)6"11. Of these trials, three recruited patients with less than 4 weeks prior antiretroviral 
treatment,, two recruited zidovudine pre-treated patients, and one recruited both treatment-naive and 
pre-treatedd patients. Patients with prior protease inhibitor or non-nucleoside reverse transcriptase 
inhibitorr treatment were excluded from these trials. 

Tablee 1. Baseline characteristics of the study population 
Characteristicc Value 
Age,, years 

Mean n 
Range e 

Sex, , 
Malen(%) ) 
Femalee n (%) 

Race e 
Caucasiann n (%) 
Asian/Orientall  n (%) 
Blackk n(%) 
Hispanicc n (%) 
Otherr n(%) 

CDCC status, n (%) 
CDCC A (Asymptomatic) n (%) 
CDCBn(%) ) 
CDCCn(%) ) 

Priorr NRTI treatment 
Underr 6 months n (%) 
Overr 6 months n (%) 

CD44 cell count, xl06/ I 
Mean n 
Range e 
Median n 

HIV-11 RNA, copies/ml 
Mean n 
Range e 

HIV-11 RNA, log10 

Median n 
Range e 

37 7 
18-67 7 

12633 (84.9) 
225(15.1) ) 

1165(78.3) ) 
11(0.7) ) 

172(11.6) ) 
114(7.7) ) 
26(1.7) ) 

6411 (43.1) 
5955 (40.0) 
252(16.9) ) 

7311 (49.1) 
7577 (50.9) 

210 0 
24-754 4 

190 0 

600 256 
400-33 467 368 

4.9 9 
2.3-6.5 5 

NRTI,, nucleoside analogue reverse transcriptase inhibitor; CDC, Centers for Disease Control and Prevention 

Trialss NUCA30016 and NUCA30027 compared 52 weeks of zidovudine/lamivudine treatment with 
controll  of monotherapy of zidovudine or lamivudine (NUCA3001) or combination 
zidovudine/zalcitabinee therapy (NUCA3002). Trials NUCB30O18 and NUCB30029 compared 24 
weekss of zidovudine/lamivudine treatment with zidovudine monotherapy, followed by open-label 
zidovudine/lamivudine.. The CAESAR trial compared 52 weeks of placebo, lamivudine, or 
lamivudinee plus loviride in addition to current treatment (zidovudine/zalcitabane)10. The AVANTI- 1 
triall  compared 52 weeks treatment with either zidovudine/lamivudine or 
zidovudme/lamivudme/loviride11. . 

Analysiss of HIV- 1 RNA level 
Ann analysis of HTV-1 RNA level was conducted for all patients in trials NUCA3001 (n=318), 
NUCA30022 (n-223) and AVANTI- 1 (n=99). In trial NUCB3001, patients from non-French centres 
weree analysed (n=55). In trial NUCB3002, 46 patients from many centres were assessed for HTV-1 
RNAA level. 
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Inn the CAESAR trial, HIV-1 RNA level was analysed for (i) all patients in the French and Belgian 
centres,, (ii) all patients from all centres who were treatment-naive at baseline and (iii ) all patients 
fromfrom all centres who progressed to the primary endpoint, plus a random sample of patients who did 
nott progress. The total number of patients tested for HIV-1 RNA level at baseline and at least once 
duringg treatment was 747. 

Forr all trials, patients were evaluated for CD4 counts and HIV-1 RNA level at baseline and then 
approximatelyy every 4-8 weeks thereafter. HIV-1 RNA was evaluated at central laboratories using the 
Rochee (Somerville, New Jersey, USA) Amplicor Version 1.0 polymerase chain reaction (PCR) 
methodd (lower limit of detection 400 copies/ml). The HIV-1 RNA level was assessed to week 24 for 
trialss NUC3001 and NUCB3002, and continued to week 52 for trials NUCA3001, NUCA3002 
AVANTI- 11 and CAESAR. 

Progressionn events were recorded prospectively in all trials and independently reviewed, based on the 
guideliness from the Centres for Disease Control and Prevention.12 

Statisticall  analysis 
Dataa were pooled from the six trials described. The justification for pooling the trials was that (i) all 
trialss had been conducted using the same doses of zidovudine and lamivudine, (ii) the trials were run 
duringg the same period of time (1993-1996) and (iii ) the same method was used in all trials to 
measuree HIV-1 RNA level. All analyses were conducted for the intent-to-treat population with no 
dataa exclusions. Sensitivity analyses showed no evidence for heterogeneity of the effects between the 
differentt clinical trials combined in the analysis. 

CD44 cell count and HIV-1 RNA level were analysed using the mean of all values between 8 and 52 
weekss post-randomisation. This measure helped to control for biological and testing variation in the 
measurementt of the markers. Values prior to week 8 were excluded since the effect of antiretroviral 
treatmentt on CD4 cell count and HIV-1 RNA is sub-maximal until after 8 weeks of treatment. To test 
thee robustness of the 8-52 week measure, the analyses were repeated using other summary statistics (8 
too 28 week mean, maximal change). The results of these analyses were very similar. 

Patientss were categorised according to whether or not they had progressed during the trials. All 
progressionn events occurring after the initial progression were included in the analysis. The 'incidence 
density'' of progression was the total number of progression events per 100 patient years of follow-up. 
Thiss incidence density was calculated for five strata of patients, defined by mean HIV-1 RNA level 
duringg weeks 8-52 of treatment, of <5000; 5000-20,000; 20,000-50,000; 50,000-200,000 and 
>200,0000 copies/ml. 

Thee proportion of patients progressing was then calculated for patients, grouped in four categories 
accordingg to CD4 cell count above or below 200 xlO6 cells/1 in combination with an HIV-1 RNA 
levell  above or below 5000 copies/ml. The CD4 cell count threshold of 200 x 106 cells/1 was chosen 
sincee this is the level used for epidemiological definition of AIDS. The HIV-1 RNA threshold of 5000 
copies/mll  had previously been agreed after discussions on methodology with the US Food and Drug 
Administrationn (FDA Antiviral Advisory Committee, July 1997). The Spearman rank correlation 
coefficientt was used to correlate mean CD4 cell count and fflV-1  RNA level after 8-52 weeks of 
treatment.. Multivariate Cox proportional hazard rates models were used to correlate hazard of 
progressionn with CD4 cell count and HIV-1 RNA level at baseline and after 8-52 weeks of treatment. 

Results s 
Baselinee characteristics of the patients are shown in Table 1. The patients analysed were 
predominantlyy male (84.9%) with a median age of 35 years. At entry, 252 of 1488 patients (16.9%) 
hadd AIDS. The mean baseline CD4 cell count was 210 x 106 cells/1 (range 24-754) and the median 
baselinee HIV-1 RNA was 60,256 copies/ml. Forty-nine per cent of patients had received under 6 
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monthss of prior nucleoside analogue reverse transcriptase inhibitor (NRTI) treatment, while 179 
(12%)) patients had received no NRTI treatment prior to baseline. 

Figuree 1 shows the incidence density of progression according to mean HIV-1 RNA level between 
weekss 8 and 52 of treatment. There was an increase in the incidence of progression for the higher 
strataa of HTV-1 RNA level between weeks 8 and 52. 
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Bg.. 1. Risk of progression according to mean 8-52 week HIV-1 RMA level. 

Figuree 2 shows the mean 8-52 week CD4 cell count versus HTV-1 RNA level for patients who 
progressedd versus non-progressors. Details of the progression events occurring in the four groups of 
patientss are shown in Table 2. There was a statistically significant but weak correlation between the 
meann CD4 cell count and HTV-1 RNA level during the 8-52 week treatment period (r2 = 0.27, 
P<0.001).. In 153 of the 175 patients (87%) who progressed, a combination of CD4 cell count <200 x 
1066 cells/1 and HTV-1 RNA >5000 copies/ml was observed. Overall progression rate within this 
categoryy was 26% (153 of 588). A wide spectrum of AJDS-defining events was observed in this 
group,, including 13 deaths. There was a progressive rise in the risk of progression for those with 
higherr HTV-1 RNA level and lower CD4 cell count. For example, of the 108 patients with CD4 cell 
countt <100 x 106 cells/1 and HTV-1 RNA level >200,000 copies/ml, 62 (57%) progressed. 
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Firstt progression event 

Esophageall  candidiasis 
PneumocystisPneumocystis carinii pneumonia 
Kaposii  sarcoma 
Cytomegaloviruss disease 
Death h 
Immunoblasticc lymphoma 
Mycobacteriumm tuberculosis 
Cryptosporidiosis s 
Mycobacteriumm avium complex 
HIVV wasting syndrome 
Microsporidiosis s 
Craniall  toxoplasmosis 
HIVV dementia 
PML L 
Other* * 
Groupp total, t 
t/nn (%) 

Categoryy of CD4 count and HIV-1 RNA 
HTVMRNA A 
>> 5000 copies/ml 
CD44 cell count 

2000 x 106 cells/I 
(nn = 588) 

35 5 
16 6 
12 2 
14 4 
13 3 
11 1 
9 9 
9 9 
6 6 
7 7 
5 5 
4 4 
2 2 
3 3 
7 7 
153 3 
153/588(26) ) 

HTV-IRNA A 
>> 5000 copies/ml 
CD44 cell count 
>> 200 x 106 cells/I 
(nn = 457) 

5 5 
1 1 
4 4 
1 1 
0 0 
0 0 
1 1 
0 0 
1 1 
0 0 
1 1 
0 0 
1 1 
1 1 
0 0 
16 6 
16/458(3.5) ) 

HTV-IRNA A 
5000 0 copies/ml l 

CD44 cell count 

0 0 
1 1 
0 0 
0 0 
0 0 
2 2 
1 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
4 4 

2000 x 
== 78) 

4/78(5.1) ) 

1066 cells/I 

HIV-11 RNA 
50000 copies/ml 

CD44 cell count 
>> 200 x 106 cells/I 
(nn = 365) 

0 0 
0 0 
0 0 
0 0 
1 1 
0 0 
1 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
2 2 
2/3655 (0.6) 

*Otherr diagnoses were: extrapulmonary cryptococcus infection (2), visceral Ieishmanisis (2), HSV ulcer (2), recurrent 
pneumoniaa (1). 

Patientss with HIV-1 RNA level <5000 copies/ml and CD4 cell count >200 x 106 cells/ml had a 
progressionn rate of 0.6% (2 of 365 patients). The progression events in this category were one death 
fromfrom heroin overdose and one case of Mycobacterium tuberculosis in an African patient. For patients 
withh HIV-1 RNA <5000 copies/ml but CD4 cell count <200 x 106 cells/1 the progression rate was 
5.1%% (4 of 78 patients). The progression events in this category were two cases of immunoblastic 
lymphoma,, one case of Pneumocystis carinii pneumonia and one case of disseminated M, 
tuberculosis.tuberculosis. Finally for patients with both CD4 cell count >200 x 106 cells/1 and HTV-1 RNA level 
>50000 copies/ml, the progression rate was 3.5% (16 of 457 patients)3. However, as shown in Figure 2, 
manyy of these events occurred at CD4 cell counts that were only marginally above the 200 x 106 

cells/11 threshold. There were no deaths in this group. 
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AA multivariate analysis was conducted to correlate the relative hazard or progression with CD4 cell 
countt and HTV-1 RNA level at baseline and after 8-52 weeks of treatment (Table 3). The hazard of 
progressionn declined by 42% for each 50 x 106 cell/1 increase in mean CD4 cell count during the 8-52 
weekss of treatment. Similarly, the hazard of progression was reduced by 59% for each 1 log10 

reductionn in mean HIV-1 RNA level during treatment. After adjustment for on-treatment values, 
baselinee CD4 cell count and HTV-1 RNA level were not independently predictive of progression. 
Multivariatee analysis also showed no additional effect of baseline disease stage or type of 
antiretrovirall  treatment received after adjustment for on-treatment CD4 cell count and HIV-1 RNA 
level. . 

Tablee 3. Multivariate model of progression by CD4 cell count and HIV-1 RNA at baseline and after 8-52 weeks of treatment 
Variablee Relative 95% 

hazardd of confidence 
progressionn intervals 

Baselinee CD4 cell count*  1.22 0.96-1.56 
Baselinee HIV-1 RNA levels**  0.74 0.46-1.22 
Meann 8-52 week CD4 cell count*  0.58 0.44-0.75 
Meann 8-52 week HIV-1 RNA level**  0.41 0.25-0.66 
**  Relative hazard for CD4 cell count 50 x 106/I cells higher; 
***  relative hazard for HIV-1 RNA level 1 log10 lower. 

Discussion n 
Inn this pooled analysis of 1488 HTV-1-infected patients from six clinical trials, the 1-year risk of 
progressionn was low for patients with mean HTV-1 RNA <5000 copies/ml during antiretroviral 
treatment.. There was a strong correlation between mean HTV-1 RNA level and the incidence of 
progression.. Clinical progression was largely restricted to patients with both CD4 cell count <200 x 
1066 cells/1 and HTV-1 RNA >5000 copies/ml. Clinical progression among patients with CD4 cell 
countt and HTV-1 RNA level outside these limits was often atypical in nature. 

Althoughh the results show a low short-term risk of progression for patients with HTV-1 RNA <5000 
copies/ml,, this does not mean that the goal of treatment should be a reduction in HTV-1 RNA to this 
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level.. Such a reduction is less likely to be sustained than a reduction to below the quantification limit s 
off  the most sensitive assays (20-50 copies/ml)13. There is also a higher  risk of drug resistance for 
patientss on antiretrovira l treatment which does not maximally suppress viral replication.14 Given the 
potentiall  for  cross-resistance between non-nucleoside reverse transcriptase inhibitors15, protease 
inhibitors 166 and nucleoside analogue reverse transcriptase inhibitors 17, the emergence of resistance to 
onee drug from a single class of agents in a partiall y suppressive regimen is likely to compromise 
futur ee treatment options. 

Whil ee patients with HIV- 1 RNA <5000 copies/ml during treatment with reverse transcriptase 
inhibitor ss are at a low short-term risk of progression, they are also most likely to respond to 
combinationn treatment with sustained suppression of HIV- 1 RNA below the limit s of assay 
quantification.18" 200 The decision to intensify treatment for  such patients depends criticall y on their 
willingnesss to comply with long-term combination regimens and their  acceptance of the respective 
drugs''  concomitant adverse event profiles. However, if maintained on partiall y suppressive regimens, 
suchh patients might show increases in HIV- 1 RNA over  time which could reduce their  chances of 
achievingg sustained suppression of HIV- 1 RNA in the future. 

Theree are limitation s to this analysis. The treatments used in the trial s did not cause sustained 
undetectabilityy of HIV- 1 RNA for  the majorit y of patients, as has been reported since for  more potent 
tripl ee combination treatment.19" 21. The correlation between sustained undetectability and clinical 
progressionn remains to be analysed for  such studies. Also, the trial s did not include treatment with 
proteasee inhibitors . Finally, these results correlate CD4 cell count and HIV- 1 RNA level with the risk 
off  progression within 1 year  and provide no information on longer-term follow-up. Long-term follow 
upp in cohort studies will be required to evaluate the correlation between HIV- 1 RNA, CD4 count and 
longer-termm rates of progression during antiretrovira l treatment. 

Whil ee the majorit y of progression events occurred when HIV- 1 RNA level was >5000 copies/ml and 
CD44 cell count was below 200 x 106 cells/I, 13% (22 of 175) patients who progressed had levels 
outsidee this range. Non-HIV-1-related deaths were included in this intent-to-treat analysis, and could 
bee expected at any CD4 cell count or  HIV- 1 RNA level. Patients were not tested for  non-clade B 
strainss of HIV and it is possible that the cases of M tuberculosis in two African patients with HIV- 1 
RNAA <5000 copies/ml may have harboured non-clade B strains, which are not detected reliably by the 
Rochee Amplicor  assay.22 Mycobacterium tuberculosis is known to occur  at a wide range of CD4 cell 
counts.. It is not clear  whether  the control of HTV-l replication can prevent progression of oncogenic 
eventss such as immunoblastic lymphoma or  Kaposi sarcoma. Error  in measurement of CD4 cell count 
andd HIV- 1 RNA level arising from technical and biological fluctuations is well characterised22'23, and 
mayy have led to misclassification of patients as showing progression outside the category of HIV- 1 
RNAA >5000 copies/ml and CD4 cell count <200 x 106 cells/1. 

Whil ee these HIV- 1 RNA and CD4 cell count thresholds were decided prior  to the analysis, these 
shouldd not be seem as definitive threshold values. Other  values may be derived from trial s with 
differentt  durations of follow-up or  using different assay methodologies. Withi n the category of HIV- 1 
RNAA >5000 copies/ml and CD4 cell counts <200 x 106 cells/1, there is an increase in progression rates 
forr  those with higher  levels of HIV- 1 RNA and lower  CD4 cell count. This analysis has identified a 
methodd of assessing the short-term risk of progression from CD4 cell count and HTV-l RNA level 
whichh may contribute to the decision to initiat e or  modify antiretrovira l treatment. 
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Objective e 
Too determine the value of plasma HIV-1 RNA and CD4 cell count as predictors of the clinical benefit 
off  antiretroviral treatment. 

Designn and setting 
Thee CAESAR (Canada, Australia, Europe, South Africa) trial randomised 1840 patients (inclusion 
CD44 cell count, 25-250 x 106/1) to add either placebo, lamivudine (3TC) or 3TC plus loviride in a 
double-blindedd fashion to baseline treatments (zidovudine, zidovudine-didanosine or zidovudine-
zalcitabine)) for 1 year. 

Patients s 
Thiss analysis included 487 patients with data on CD4 cell count and HIV-1 RNA after 12-20 weeks of 
treatmentt and subsequent follow-up for clinical progression. 

Mainn outcome measures 
Thee correlation between 12-20-week change in CD4 cell count, HIV-1 RNA and progression to AIDS 
orr death in the placebo group was used to predict the clinical benefit of the 3TC-containing arms of 
thee trial, given their effects on CD4 cell count and HIV-1 RNA. 

Results s 
Afterr 12-20 weeks of treatment, HIV-1 RNA fell by 0.37 logio copies/ml in the 3TC arms versus a 
riserise of 0.05 log10 copies/ml in the placebo arm. The 12-20 week CD4 cell count rose byy 35 x 106/1 in 
thee 3TC arm versus a fall of 8 x 106/1 in the placebo arm. After 12-20 weeks of treatment, a reduction 
inn HIV-1 RNA of 1 logio at 12-20 weeks predicted a 49% reduction in progression [hazard ratio (HR), 
0.51;; 95% confidence interval (CI), 0.30-0.87] and a rise in CD4 cell count of 50 x 106/1 predicted a 
51%% reduction in progression (HR, 0.49; 95% CI, 0.33-0.73). Using the model from the placebo arm, 
thee rises in CD4 cell count and reductions in HIV-1 RNA during 3TC treatment predicted a 59% 
reductionn in progression to AIDS or death. The observed clinical benefit was a 57% reduction in 
progressionn for the 3TC arms versus placebo (HR, 0.43; 95% CI, 0.26-0.71). 

Conclusions s 
Risess in CD4 cell count and reductions in HIV-1 RNA were reliable in predicting the clinical benefit 
off  3TC in the CAESAR trial. ©1998 Rapid Science Ltd 

Introductio n n 
Theree is strong evidence to suggest that higher baseline levels of plasma HIV-1 RNA and lower 
CD4++ lymphocyte counts are associated with higher rates of progression to AIDS and death in 
untreatedd HIV-1 infection.1,2 Rises in CD4 cell count and reductions in HIV-1 RNA have been 
associatedd with improved clinical outcome within trials of nucleoside analogues3,4, protease 
inhibitors55 and non-nucleosides.6 
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However,, the degree to which treatment-related rises in CD4 cell count and reductions in plasma 
HTV-11 RNA can predict the clinical benefit of treatment has not been fully characterised. If such 
changess in CD4 cell count and plasma viral load were shown to be highly predictive of the clinical 
benefit,, this would strongly support the use of CD4 cell count and HTV-1 RNA instead of clinical 
endpointss in clinical practice, clinical trials and drug development. 

Twoo methods have been used to investigate the reliability of CD4 cell count and HTV-1 RNA as 
surrogatee markers for individual trials. First, the "proportion of treatment effect explained1, using the 
methodd of Prentice7, has been used for several studies4,5'8; however, this method can only be used for 
trialss with a strong effect of treatment on clinical progression, and confidence intervals on the 
estimatess usually overlap 1 and 0 so it is difficult to make an accurate estimate of the reliability of a 
marker.. The second method, which is employed in this analysis, uses the correlation between markers 
andd clinical benefit in the control arm and the difference in marker profiles between the control and 
treatmentt arms to predict what the clinical benefit of the treatment arm should be. This predicted 
benefitt is then compared with the actual clinical benefit seen for the treatment relative to the control.4,9 

AA close correlation between the predicted and observed clinical benefit of treatment is taken as 
evidencee that the markers can reliably predict the clinical benefits of treatment. 

Methods s 
Thee methods for the CAESAR trial have been described in detail elsewhere.10. Briefly the CAESAR 
triall  randomly assigned 1840 patients with inclusion CD4 cell counts of 25-250 x 106/1 to receive 1 
yearr of treatment with either placebo, lamivudine (3TC), or 3TC plus loviride in a double-blind 
fashionn in addition to zidovudine (ZDV)-containing regimens (ZDV monotherapy, ZDV-zalcitabine 
orr ZDV-didanosine). The randomisation was conducted with a 1:2:1 ratio for placebo: 3TC: 3TC-
loviride.. Al l ADDS and death endpoints were collected prospectively and independently reviewed 
underr blinded conditions. The trial was terminated after a significant reduction in progression, CD4 
celll  count or HIV-1 RNA, and therefore the two treatment arms were combined for the purposes of 
thiss analysis and compared with the placebo arm. 

Duringg the trial, 179 patients from investigational centres in France and Belgium were evaluated 
prospectivelyy for CD4 cell count and plasma HIV-1 RNA at central laboratory. After termination of 
thee trial, data on CD4 cell count and plasma HIV-1 RNA were obtained from two additional groups: 
(i)) patients with under 4 weeks of prior nucleoside analogue treatment (n = 259), and (ii) patients who 
progressedd to AIDS or death during the trial (n = 180) and a random sample of the patients who did 
nott progress (n = 188). 

Plasmaa HIV-1 RNA was determined using the Amplicor assay (Roche, Nutley, New Jersey, USA) 
[lowerr limit of quantification, 400 (2.6 logi0) copies/ml] using prospectively collected samples which 
weree assayed at a single laboratory. CD4 cell counts were obtained from the clinical laboratories of 
investigationall  centres for naive patients and from the sample of progressors and non-progressors. Of 
thee 806 patients with HTV-1 RNA data available, 487 patients had data on both CD4 cell count and 
HIV-11 RNA at baseline and after 12-20 weeks of treatment, and had been followed up for clinical 
progressionn beyond week 20: patients progressing to AIDS or death prior to week 20 were excluded 
fromfrom the analysis. 

Statisticall  analysis 
Al ll  analyses were conducted on an intent-to-treat basis with no data exclusions. The predicted clinical 
benefitt was then calculated and compared to the observed clinical benefit as outlined below. 

First,, a Cox proportional hazard model was applied to the placebo arm to estimate the correlation 
betweenn the 12-20-week change in CD4 cell count and plasma HIV-1 RNA and subsequent 
progressionn to AIDS and death, adjusting for baseline CD4 cell count and plasma HIV-1 RNA. 
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Second,, the mean change ill CD4 cell count and plasma HIV-1 RNA after 12-20 weeks of treatment 
was.. calculated for the placebo arm and the 3TC arm. HIV-1 RNA values were logio-transformed, and 
valuess under the lower limit of quantification were assigned a value of 400 (2.6 logio) copies m/1. The 
predictedd risk of progression in the 3TC arm was estimated using the difference between the treatment 
armss in CD4 cell count and HIV-1 RNA level after 12-20 weeks and the correlation between these 
markerr responses and clinical progression from the Cox model in the placebo arm. 

Third,, the observed hazard ratio of progression-free survival was generated for the comparison of 3TC 
andd placebo and was compared with the predicted hazard ratio. The test of surrogacy for this model 
wass as follows: if the observed and predicted hazard ratios of progression were identical, then the 
CD44 cell count and HIV-1 RNA level fully predicted the clinical benefit of the 3TC arm in the 
CAESARR trial. 

Thee summary of statistics of the 12-20 week change was chosen after discussions with the US Food 
andd Drug Administration over appropriate measures of response. In sensitivity analyses, other 
summaryy statistics of change in CD4 cell count and HTV-1 RNA level were investigated (peak 
change,, 8-28-week change, duration of change), producing nearly identical results. Analyses were 
conductedd using SAS software (SAS Institute, Cary, North Carolina, USA) and the observed versus 
predictedd analyses were conducted using SUDAAN Version 7.0 software (Research Triangle Institute, 
Researchh Triangle Park, North Carolina, USA). In addition, the analyses were repeated excluding all 
dataa from the 3TC-loviride arm of CAESAR: the results from these analyses were very similar to 
thosee including the data from the 3TC-loviride arm. 

Results s 
Tablee 1 shows the baseline characteristics of the 487 patients included in the analysis. The median 
baselinee CD4 cell count was 126 x 106/1 with a median HIV-1 RNA level of 4.9 log10 copies/ml; 27% 
off  patients had a prior diagnosis of AIDS. Of the patients, 87% had received under 4 weeks of 
treatment,, and of those previously treated the median duration of prior treatment was 27 months. The 
treatmentss received during the trial were ZDV monotherapy (n = 263), ZDV- zalcitabine (n = 137) or 
ZDV-didanosinee (n = 87). In addition to the baseline treatment, patients were randomised to receive 
eitherr placebo (n = 125) or 3TC-containing treatments (n - 362). 

Tablee 1. Baseline characteristics 

Parameter r 
Meann (range) CD4 cell 

countt (xl06/I) 
HIV-11 RNA (log,0 copies/ml) 
Patientss with AIDS* (%) 
Priorr treatment (%) 

Durationn (months) 
Baselinee treatment (%) 

ZDV V 
ZDVV + zalcitabine 
ZDVV + didanosine 

Meann (range) age (years) 
Genderr (% male) 
Racee (% Caucasian) 

Lamivudinee arms 
(nn = 362) ) 

129(26-286) ) 
4.99 (2.6 - 6.5) 
26 6 
87 7 
27 7 

53 3 
30 0 
17 7 
366 (20-67) 
88 8 
93 3 

Placeboo arm 
(n=125) ) 

1211 (26-250) 
5.1(2.6-6.4) ) 
29 9 
88 8 
26 6 

56 6 
23 3 
21 1 
388 (24-57) 
90 0 
94 4 

gg the Centers for Disease Control and Prevention criteria. 
ZDV,, Zidovudine 

Tablee 2 shows the results of multivariate analysis of the hazard of progression to AIDS and death 
basedd on results from the placebo, 3TC and combined arms. In the placebo arm, both the baseline 
levelss and 12-20-week changes from baseline in CD4 cell count and HIV-1 RNA level were 
correlatedd with progression. For each increase in baseline CD4 cell count of 50 x 106/1 there was a 
29%% lower risk of progression, and for each incremental rise of 50 x 106/1 in CD4 cell count at weeks 
12-20,, there was a 54% reduction in risk of progression. Similarly, for each decrease in the baseline 
HIV-11 RNA level of 1 logic there was a 59% lower risk of progression, and there was a 42% 
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reductionn in the risk of progression for each incremental logio reduction in "HIV-1 RNA level during 
thee firstl2-20 weeks of treatment. 

Tablee 2. Multivariate analysis of progression to AIDS and death. 

Parameter r 
RHH (95% CI) 
Placeboo arm 3TCarms s Combinedd arms 

Baselinee CD4 cell count*  0.72(0.48-1.07) 0.65(0.46-0.94) 0.69(0.54-0.90) 
12-200 week change in CD4 cell count*  0.46(0.21-1.00) 0.53(0.32-0.87) 0.49(0.33-0.73) 
Baselinee HIV-1 RNAt 0.31(0.15-0.65) 0.39(0.21-0.70) 0.35(0.22-0.55) 
12-20-weekk change in fflV-1  RNAf 0.59 (0.22-1.58) 0.49 (0.26-0.94) 0.51 (0.30-0.87) 
*Perr 50 x 106/I increase. TPer 1 log]0 copies/ml decrease. RH, Relative hazard; CI, confidence interval 

Figuree 1 shows the median change in CD4 cell count and HTV-1 RNA level for the 3TC arms versus 
thee placebo arm. The 3TC arms showed a mean rise of 44 x 106/1 at 8 weeks, which was sustained 33 
xx 106/1 above baseline at week 20. The corresponding changes in the placebo arm were +4 x 106/1 and 
—99 x 106/1. There was a mean 0.52 log10 copies/ml reduction in HTV-1 RNA level in the 3TC arm at 
weekk 8, which was sustained 0.351og10 copies/ml below baseline at week 20. By contrast, the placebo 
armm showed no significant reduction in HTV-1 RNA level throughout the trial. 

Weekss on Study 

Weekss on Study 

Fig.. 1. Median change from baseline in (a) CD4 cell count 
andd (b) HIV- 1 RNA level by treatment group. 3TC, 
Lamivudine. . 

Forr individual patients, there was a significant correlation between the extent of the HTV-1 RNA 
reductionn and the corresponding rise in CD4 cell count after 12-20 weeks of treatment (r = -0.40, p < 
0.001).. However, there was a high degree of scatter around the line of correlation: for a given 
reductionn in HTV-1 RNA a wide variety of changes in CD4 cell count was observed. There were some 
patientss with rises in both CD4 cell count and HTV-1 RNA level, or reductions in both markers. 
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Usingg the multivariate model (Table 2) and the difference in CD4 cell count and HTV-1 RNA level 
betweenn the 3TC and the placebo arms, the expected effect of 3TC on clinical progression was 
calculatedd as follows: 

RHH (3TC/placebo) = exp [(CD4 cell benefit x CD4 cell lnRH)+(IHV-l RNA benefit x HTV-1RNA 
InRH)]]  = exp [0.86 x -0.77) + (0.42 x -0.53] = 0.41 

Thiss relative hazard (RH) of 0.41 corresponded to a 59% reduction in progression for the 3TC arm 
relativee to the placebo arm. 

Figuree 2a shows the Kaplan-Meier estimates of progression for 3TC and placebo arms, unadjusted for 
CD44 - cell count and HTV-1 RNA. There were 92 progressions to AIDS events or death between 
weekss 20 and 52 of the CAESAR trial. The progression rate was 14%(52 out of362) in the 3TC-
containingg arms versus 32% (40 out of 125) in the placebo arm (RH, 0.43; 95% confidence interval, 
0.26-0.71;; p = 0.0009). Therefore, the clinical benefit of 3TC predicted from the multivariate model 
(59%% reduction) was close to the 57% reduction in progression observed in the trial. Figure 2b shows 
thee Kaplan-Meier estimates of progression after adjustment for the effect of 3TC on CD4 cell count 
andd HTV-1 RNA level in the multivariate model. After this adjustment there was no longer a 
differencee in CD4 cell count and HTV-1 RNA level placebo arms. 

fig.. % Kaplan-Meier curves of rates of progression to AIDS and death after week 20, (a) unadjusted and (b) adjusted for 
effectss of lamivudme (3TC) on CD4 cell count and HIV-1 RNA level at weeks 12-20. 

Discussion n 
Thee combination of treatment-induced changes in plasma HTV-1 RNA and CD4 cell count between 
122 and 20 weeks post-randomisation provided an accurate estimate of the clinical benefit of the 
additionn of 3TC to ZDV -containing regimens in this large double-blinded trial. 

Severall  other trials have shown a correspondence between treatment effects on HTV-1 RNA level, 
CD44 cell count and clinical benefit3'5'8'9, and a meta-analysis of several trials of nucleoside analogue 
treatmentss has shown that treatments causing larger rises in CD4 cell count also cause greater 
reductionss in progression to AIDS and death.11 

AA similar analysis of the UK Medical Research Council/INSERM Delta trial showed that the clinical 
benefitt from treatment with ZDV-didanosine and ZDV-zalcitabine was substantially less than the 
benefitt predicted from the changes in CD4 cell count and HTV-1 RNA level.4 However, the analysis 
off  the Delta trial correlated responses at 16 weeks with clinical progression occurring up to 3 years 
later,, when patients were often no longer on their original randomised treatment, and many had 
receivedd alternative treatments. This is in contrast to the CAESAR trial, where responses in CD4 cell 
countt and HTV-1 RNA up to 20 weeks post-randomisation were correlated with clinical progression 
occurringg up to 1 year post-randomisation, and compliance with randomised treatment was good.10 It 
iss also possible that other methodological differences between the Delta and CAESAR trials, such as 

63 3 



thee patient population recruited or the methodology of HIV-1 RNA evaluation used, could explain the 
differencee in the results obtained. 

Theree have been treatments that have had a favourable effect on HTV-1 RNA but with opposite effects 
onn clinical progression relative to the control regimen.12 Such mismatches between effects on markers 
andd clinical outcome might be explained by drug toxicity or non-adherence to the regimen, which 
cannott necessarily be captured by treatment effects on CD4 cell count or HIV-1 RNA; therefore, it 
cannott be assumed that two treatments with equivalent effects on CD4 cell count and HIV-1 RNA 
wil ll  have identical effects on clinical progression. These analyses therefore need to be repeated for 
trialss of other antiretroviral agents. 

Thee CAESAR trial showed a clinical benefit of treatment in the context of a partially suppressive 
therapeuticc strategy. Such partial reductions in HIV-1 RNA may be the only response achievable for a 
proportionn of patients even when given potent triple combinations.13'14 The clinical benefit associated 
withh sustained viral load undetectability is currently unknown given that clinical follow-up in 
aggressivelyy treated patients is limited.1314 However, reductions in HIV-1 RNA to under the limit of 
qualificationn are the only durable mechanism to avoid resistance15 and have become the aim of 
antiretrovirall  therapy.16 

Theree is an increasing switch towards the use of HTV-1 RNA and CD4 cell count rather than clinical 
endpointss as the primary measures of efficacy of antiretroviral treatment, both for monitoring 
treatmentss in the clinic and in the approval of new antiretrovirals. It is important to show that this 
switchh is justified. There was close concordance between the clinical benefit of 3TC predicted from 
thee effects on HIV-1 RNA and CD4 cell count, and the actual clinical benefit observed in the 
CAESARR trial. Results from other trials wil l be required to ensure that this correlation between effects 
onn HTV-1 RNA, CD4 cell count and clinical benefit remains consistent for long-term treatment and 
forr other classes of antiretrovirals. 
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Theree is uncertainty as to how the effects of antiretroviral treatments on human immunodeficiency 
viruss type 1 (HTV-1) RNA levels and CD4 cell counts can predict reductions in clinical progression to 
AIDSS or death. A meta-analysis was conducted for 27 pairwise comparisons of antiretroviral 
treatmentss in 15 randomised trials of antiretroviral treatments. For each trial, three measures of 
treatmentt effect were used: (i) 16 week change from baseline in HIV-1 RNA; (ii) 16 week change 
fromfrom baseline in CD4 cell count; and (iii ) rate of clinical progression. Treatments which caused 
greaterr increases in CD4 cell count and greater reductions in HIV-1 RNA were more effective at 
reducingg the rate of clinical progression comparisons (P<0.05 for each comparison). However, there 
wass variability in the consistency of this correlation between different trials and treatments. The 
resultss support the use of HIV-1 RNA and CD4 count as markers of the efficacy of antiretroviral 
treatment. . 

Introductio n n 

Epidemiologicall  studies have shown that both CD4 cell count and human immunodeficiency virus 
typee 1 (HIV-1) RNA levels are significantly associated with the risk of clinical progression, defined 
ass progression to a new ADDS-defining event or deathia. Clinical trials have shown that patients with 
greaterr reductions in HIV-1 RNA levels during treatment, and greater increases in CD4 cell count, 
showw a lower risk of clinical progression than those with smaller responses in these markers3_6 

Althoughh CD4 cell count and HIV-1 RNA level correlate with clinical progression, it is not clear to 
whatt extent changes in these markers can explain the effect of treatment on clinical progression. The 
usuall  approach to Validate*  a marker as a surrogate end point is to quantify the "proportion of 
treatmentt effect (PTE) explained' - the extent to which difference in clinical outcome between two 
treatmentt arms of a clinical trial is explained by difference in treatment effect on the marker7. Several 
studiess have used this approach to evaluate HIV-1 RNA as a surrogate end point^8*9. Although the 
resultss are promising, confidence intervals on the PTE explained by HTV-1 RNA are generally wide. 
Thee possibility that effects on HIV-1 RNA may explain only a small proportion of treatment effect on 
clinicall  outcome could not be discounted. Furthermore, this type of analysis can be performed only 
forr the subset of trials showing a strong treatment effect on clinical progression, and therefore does 
nott include information from trials showing no significant clinical benefit to treatment. 

Ann alternative approach to the validation of markers is to evaluate the concordance between treatment 
effectss on a marker and on clinical progression in a meta-analysis involving the results from several 
clinicall  trials1 . This method allows inclusion of data from trials with or without significant treatment 
effectss on either the marker or clinical progression. If a marker is a potential surrogate end point, then 
aa strong association with clinical progression would be expected. This technique has been used to 
showw a correlation between antiretroviral treatments causing greater rises in CD4 count and a greater 
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clinicall  benefit . The objective of this analysis was to determine the correlation between the effects of 
antiretrovirall  treatment on reductions in HIV-1 RNA and CD4 count, and clinical benefit. 

Methods s 

Selectionn of trial s 
AA search of public domain publications and conference presentations was conducted to identify all 
randomisedd clinical trials of antiretroviral treatments in adults infected with HTV-1, in which at least 
100 patients per treatment arm showed clinical progression and for which data were collected on HIV-1 
RNAA levels and CD4 cell count. 

Extractionn of summary statistics 
Thee 16-week change from baseline was obtained for logio HIV-1 RNA and CD4 cell count for each 
treatmentt arm using published trial reports. In the absence of 16-week data, these values were 
estimatedd from the mean of time points either side of 16 weeks. The 95% confidence intervals of the 
changess in HIV-1 RNA and CD4 cell count were estimated by assuming a constant standard deviation 
off  the 16 week change (100 cells/ml for CD4 cell count and 0.7 logio copies/ml for HTV-1 RNA). 
Thesee standard deviations were found to be robust for analyses of six Glaxo Wellcome trials of 
zidovudine/lamivudinee (data not shown). 

Thee relative hazard of clinical progression to AIDS or death (with associated 95% confidence 
intervals)) was extracted from published data. Where the relative hazard could not be obtained directly, 
thee relative risk of progression (and its associated variance) was calculated from the published number 
off  clinical progressions by treatment group, or estimated directly from a Kaplan-Meier plot. Clinical 
progressionn was estimated using all follow-up information available for each trial. Thus, the relative 
hazardd refers to different durations of follow up between trials 

Alll  data on treatment effects were collected independently by authors AH and DD, and any 
differencess in the estimates obtained were resolved by RD. The estimates of treatment effect were 
thenn sent to the pharmaceutical companies or government trials organisations which had conducted 
thee trials, for review. 

Thiss step was included to ensure that the most appropriate source of published data was used. 

Treatmentt  comparisons 
Forr each study, a control arm was identified. Pairwise treatment comparisons were then made by 
comparingg this control arm with all other treatment arms in the study. Treatment effects for logio 
HIV-11 RNA and CD4 cell count were calculated as the difference between change in the treatment and 
controll  arms. The hazard ratio of progression to AIDS and death was expressed as the relative hazard 
forr each treatment arm relative to the control arms. The three measures of treatment effect were 
displayedd graphically for all pairwise comparisons of treatments. Univariate parametric regression 
wass used to analyse the correlation between treatment effects on HIV-1 RNA, CD4 cell count and 
clinicall  progression. These tests were weighted by the reciprocal of the sum of the variances of the 
treatmentt effects on HTV-1 RNA.CD4 cell count and clinical progression. 

Thee analysis was repeated using the 24-week measures of change in CD4 count and HIV-1 RNA. 
Twenty-fourr week data were not available for as many trials as 16-week data and were therefore not 
chosenn for the primary analysis. However the results from the analysis of 24-week data were very 
similarr to those presented below for the 16-week summary statistics. For time points after week 24, 
summaryy statistic data on CD4 count and HIV-1 RNA was not available for a sufficient number of 
trialss to allow a meaningful analysis. 
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Tablee 1. Trials included in meta-analysis 
Trial l 

DELTAA 1 
DELTAA 2 
ACTGG 175N 
ACTGG 175E 
ACTGG 116a 
ACTG116b/117 7 
VA298 8 
BW34,225-02 2 
ACTGG 320 
ABT247 7 
MX-028 8 
NV14256 6 
CAESAR R 
DLV017 7 
ACTGG 241 

n n 

2214 4 
1083 3 
1067 7 
1400 0 
617 7 
913 3 
338 8 
180 0 
1156 6 
1090 0 
996 6 
940 0 
1840 0 
896 6 
398 8 

Priorr treatment 

Naive e 
Pre-treated d 
Naive e 
Pre-treated d 
Naive e 
Pre-treated d 
Naive e 
Naive e 
Pre-treated d 
Pre-treated d 
Naive e 
Pre-treated d 
Naive/Pre-treated d 
Pre-treated d 
Pre-treated d 

CD44 inclusion 

<350 0 
<350 0 
200-500 0 
200-500 0 
<300 0 
<300 0 
200-500 0 
<300 0 
<200 0 
<100 0 
50-250 0 
50-300 0 
25-250 0 
0-300 0 
<350 0 

Mediann FU 

30 0 
30 0 
31 1 
34 4 
12 2 
20 0 
44 4 
22 2 
9 9 
6 6 
13 3 
13 3 
12 2 
17 7 
25 5 

Drugg classes 

NRTI I 
NRTI I 
NRTI I 
NRTI I 
NRTI I 
NRTI I 
NRTI I 
NRTI I 
NRTI/PI I 
NRTI/PI I 
NRTI/PI I 
NRTI/PI I 
NRTI/NNRTI I 
NRTI/NNRTI I 
NRTI/NNRTI I 

References s 

[11,12] ] 
[11,12] ] 
[4,13] ] 
[4,13] ] 
[6,14] ] 
[5,15] ] 
[3,16] ] 
[17] ] 
[18] ] 
[19] ] 
[20,21] ] 
[21] ] 
[9,23] ] 
[24] ] 
[25] ] 

NRTI,, nucleoside analogue reverse transcriptase inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease 
inhibitorr FU - median duration of follow up (months). 

Results s 

Selectionn of trial s 
Tablee 1 details the 15 trials which met the criteria for selection 3'6'7'9'"-24. These trials involved a total 
off  15038 patients, of whom 9915 were evaluated for CD4 cell count, 4665 were evaluated for HTV-1 
RNAA at baseline and after 16 weeks of treatment, and 3532 patients clinically progressed. 

Ninee of the 11 antiretroviral treatments currently approved for use in Europe and/or North America 
aree represented in these trials. Four are nucleoside analogue reverse transcriptase inhibitors (NRTIs) -
zidovudinee (ZDV), dideoxyinosine (ddl), dideoxycyti- dine (ddC) and lamivudine (3TC). Three are 
proteasee inhibitors (Pis) -ritonavir (RTV), indinavir (ÏDV) and saquinavir (SQV). Two are non-
nucleosidee reverse transcriptase inhibitors (NNRTIs) -nevirapine (NVP) and delavirdine (DLV). One 
unapprovedd NNRTT - loviride (LOV) -is also represented. Two approved antiretrovirals not included 
inn the meta-analysis are stavudine and nelfinavir, since data from randomised trials of these treatments 
aree not publicly available or do not include HTV-1 RNA measurements. 

Twoo clinical trials, DELTA and ACTG 175, were stratified by prior zidovudine treatment. They are 
referredd to in this analysis as DELTA 1 (no prior zidovudine treatment) and DELTA 2 (>3 months 
priorr zidovudine treatment) and ACTG 175N (>4 weeks prior zidovudine treatment) and ACTG 175E 
(>44 weeks prior zidovudine treatment). Both trials were randomised and analysed independently for 
naivee and pretreated patients. Six of the 15 trials were conducted in zidovudine-naive patients, eight in 
NRTI-pretreatedd patients and one in both naive and pretreated patients. No trial recruited patients who 
hadd prior treatment with Pis or NNRTIs. 

Theree were 15 published trials with clinical end points in at least 10 patients per arm but with no HIV 
RNAA data available. Fourteen of these trials had been completed prior to 1995, when HTY RNA 
testingg became widely available: one trial with HTY RNA levels determined in a subset of patients did 
nott have a published source for this data. The relative hazard of progression to AIDS and death for 
treatmentt arms versus controls did not differ for these trials relative to those included in the meta-
analysiss (data not shown): this is evidence against a "publication bias' effect whereby trials with 
greaterr treatment effects would be more likely to be Included. Additionally there were two trials 
(Rochee NV14604 and ACTG 193a) whose results had been announced only by press release and 
whichh had not been presented publicly or published, these trials were not included in the meta-
analysis. . 
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Extractionn of summary statistics 
CD44 cell count data were obtained from most study participants. Levels of HTV-1 RNA, however, 
weree obtained typically from patient subsets in each trial. The Roche Amplicor assay was used in all 
trialss except DELTA11,12, which used the Organon-Teknika NASBA assay, and the delavirdine 017 
trial244 which used an in-house PCR assay. 

Thee assessment of clinical progression used data from variable follow-up. It was not possible to 
estimatee rates of cluneal progression over a predetermined period of time, i.e. 1 year, using published 
data. . 

Treatmentt comparisons 
AA summary of treatment effects on HTV-1 RNA, CD4 cell count and clinical progression for pairwise 
comparisonss in the individual trials is shown in Table 2. A total of 27 pairwise treatment comparisons 
weree performed. 

Figuree 1 shows the correlation between treatment effects on HTV-1 RNA and the relative hazard of 
clinicall  progression. Relative hazard is on a scale of 1.25 to 0, where 1.25 corresponds to a 25% 
increasee in the rate of progression relative to the control arm, 1 corresponds to no effect of treatment, 
andd 0.5 corresponds to a 50% reduction in the rate of progression. Treatments showing less than a 
0.255 log10 reduction in HTV-1 RNA compared to the control arm showed littl e or no clinical benefit. 
Inn ACTG 116a, there was no difference in either HTV-1 RNA or clinical progression between 
zidovudinee and didanosine (at both the 500 mg and 750 mg/day doses). For the delavirdine 017 trial 
theree was a 0.05 log10 difference in HTV-1 RNA between didanosine/delavirdine and didanosine 
alone,, with an associated 5% difference in clinical progression. The ACTG 241 trial showed a 0.2 
logioo benefit of zidovudine/didanosine/nevirapine over zidovudine/didanosine on HTV-1 RNA, but a 
decreasee in clinical benefit (24% higher rate of clinical progression). However, this result was not 
statisticallyy significant. Conversely, mere was a modest 0.15 log]0 HTV-1 RNA benefit of didanosine 
(5000 mg) over zidovudine, associated with a 28% lower rate of clinical progression, in favour of the 
didanosinee arm of the ACTG 116b/l 17 study. 

Figuree 1. Treatment effect on HIV-t RNA versus relative 
hazardd of clinical progression 
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Thee remaining comparisons showed a treatment effect on HTV-1 RNA levels of over 0.25 logi0. None 
showedd an opposite effect on clinical progression. There was variability between trials in the clinical 
benefitt associated with particular HTV-1 RNA responses. In the ACTG 175E trial, both the 
zidovudine/didanosinee and zidovudine/zalcitabine arms showed a benefit of approximately 1 log10 

HTV-11 RNA over the zidovudine arm. However, clinical progression was 35% lower for 
zidovudine/didanosine,, whereas clinical progression was only 9% lower for zidovudine/zalcitabine, 
relativee to zidovudine. It should be noted that the zidovudine/didanosine arm showed a more 
pronouncedd effect on CD4 cell count than the zidovudine/zalcitabine aim, which may explain the 
differencee in clinical benefit despite the similar effects on HTV-1 RNA. A similar trend was observed 
forr the DELTA 1 and DELTA 2 trials. 
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Figuree 2 shows the correlation between treatment effects on CD4 cell count and clinical benefit. 
Treatmentss which cause greater rises in CD4 cell count also show larger reductions in the rate of 
clinicall  progression. The correlation with clinical benefit appeared to be greater for treatment effects 
onn CD4 counts than effects on HTV-1 RNA although this might, in part, reflect the larger number of 
patientss with CD4 counts measured in the trials. 

Figuree 2. Treatment effect on CD4 cell count versus relative 
hazardd of clinical progression 
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Att the origin of Figure 2 there were two treatment comparisons from trial ACTG 116a with no benefit 
inn CD4 count or clinical benefit for zidovudine versus either of two doses of didanosine. There was 
onee treatment comparison in trial ACTG 241 with a CD4 benefit of 17 cells to 
zidovudine/didanosine/nevirapinee over zidovudine/didanosine, but with a higher clinical progression 
ratee for the triple combination arm. However, the clinical comparison was not statistically 
significant25. . 

Apartt from the ACTG 241 trial and the two points at the origin, all treatment comparisons showed a 
CD44 benefit together with a clinical benefit; the size of the clinical benefit tended to rise with 
increasingg CD4 benefit. The most marked examples were for the Merck trial 028 which showed a 
CD44 benefit of over 80 cells and a rate of clinical progression at least 61% lower for the indinavir-
containingg regimens relative to the control arm of zidovudine. 

Univariatee analysis showed a significant correlation between treatments that cause greater reductions 
inn HTV-1 RNA, greater rises in CD4 cell count and larger reductions in the rate of clinical progression 
(P<0.055 for each comparison). 

Discussion n 

Thiss meta-analysis shows an overall correlation between treatments that cause greater reductions in 
HIV-11 RNA, greater rises in CD4 cell count and larger reductions in the rate of clinical progression. 
Howeverr there is variability around this correlation for treatments in different trials. 

Sourcess for the observed variability in the correlation include the measurement of the treatment effect 
onn CD4 cell count, HIV-1 RNA and clinical progression. Also, trials with similar populations and 
treatmentss can generate differing estimates of the treatment effect on clinical progression. For 
instance,, zidovudine/zalcitabine reduced clinical progression by 51% compared with zidovudine alone 
inn the ACTG 175N trial, whereas the same treatment showed only a 20% reduction in clinical 
progressionn in the DELTA 1 trial. 

Thee variability in the estimates of treatment effect on clinical progression can also be seen from the 
confidencee intervals around the point estimates for each trial. This is illustrated by the comparison of 
zidovudine/didanosinee with zidovudine in the ACTG 175N trial, where the point estimate of relative 
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hazardd was 0.61 (39% reduction in progression) but the 95% confidence intervals were 0.35 (65% 
reduction)) and 0.95 (5% reduction). Therefore, some of the variability seen in the correlation between 
treatmentt effects on markers and treatment effects on clinical progression could arise from uncertain 
estimationn of the treatment effect. Such meta-analyses are best performed using data on individual 
patients.. However it was not possible to use the individual patient data from the diverse industry and 
governmentt sponsors owing to issues of confidentiality. 

Inn some instances, a treatment appeared to be superior to another in reducing HIV-1 RNA but inferior 
inn raising CD4 cell counts. One example is the comparison of saquinavir with zalcitabine in trial 
NV14256.. The zalcitabine arm showed greater reductions in HIV-1 RNA levels, but less CD4 cell 
countt benefit than the saquinavir arm. However the only treatment comparisons showing 25% or 
greaterr reduction in clinical progression were those where the treatment showed a benefit over the 
controll  in bothh CD4 cell count (40 cell rise) and HIV-1 RNA (0.5 logi0 reduction). This reinforces the 
needd to use both CD4 cell count and HIV-1 RNA in the evaluation of treatment efficacy 

Tablee 2. Pairwise treatment comparisons 

Trial l 
DELTAA 1 

DELTAA 2 

ACTGG 175N 

ACTGG 175E 

ACTG116b/117 7 

ACTGG 116a 

VA298 8 
BW34,225-02 2 

ACTGG 320 
ABT247 7 
MX-028 8 

NV14256 6 

CAESAR R 

DLV017 7 
ACTGG 241 

Treatment t 
arm m 
ZDV/ddl l 
ZDV/ddC C 
ZDV/ddl l 
ZDV/ddC C 
ddl l 
ZDV/ddC C 
ZDV/ddl l 
ddl l 
ZDV/ddC C 
ZDV/ddl l 
ddll  (500mg) 
ddll  (750mg) 
ddll  (500mg) 
ddll  (750mg) 
earlyy ZDV 
ZDV/ddl l 
ZDV/ddC C 
ZDV/3TC/EDV V 
CTT + RTV 
IDV V 
ZDV/IDV V 
SQV V 
ddC/SQV V 
CT+3TC C 
CT+3TC/LOV V 
ddl/DLV V 
ZDV/ddl/NVP P 

Control l 
Arm m 
ZDV V 
ZDV V 
ZDV V 
ZDV V 
ZDV V 
ZDV V 
ZDV V 
ZDV V 
ZDV V 
ZDV V 
ZDV V 
ZDV V 
ZDV V 
ZDV V 
latee ZDV 
ZDV V 
ZDV V 
ZDV/3TC C 
CT T 
ZDV V 
ZDV V 
DdC C 
DdC C 
CT T 
CT T 
Ddl l 
ZDV/ddl l 

Progression n 
Hazardd ratio 
0.63 3 
0.80 0 
0.87 7 
0.95 5 
0.65 5 
0.49 9 
0.61 1 
0.72 2 
0.91 1 
0.65 5 
0.72 2 
0.91 1 
1.02 2 
1.04 4 
0.78 8 
0.47 7 
0.77 7 
0.50 0 
0.50 0 
0.39 9 
0.30 0 
0.83 3 
0.47 7 
0.42 2 
0.41 1 
0.95 5 
1.24 4 

166 week change 
HIV-1 1 
RNA A 
-1.00 0 
-0.85 5 
-0.70 0 
-0.70 0 
-0.35 5 
-0.75 5 
-0.70 0 
-0.55 5 
-1.05 5 
-0.95 5 
-0.15 5 
-0.15 5 
0 0 
0 0 
-0.65 5 
-0.40 0 
-0.70 0 
-1.93 3 
-0.55 5 
-0.51 1 
-0.78 8 
-0.27 7 
+0.23 3 
-0.40 0 
-0.50 0 
+0.05 5 
-0.20 0 

CD4 4 
count t 
+55 5 
+35 5 
+25 5 
+20 0 
+35 5 
+60 0 
+30 0 
+50 0 
+75 5 
+35 5 
+14 4 
+12 2 
0 0 
0 0 
+30 0 
+20 0 
+30 0 
+54 4 
+45 5 
+82 2 
+91 1 
+29 9 
+7 7 
+40 0 
+40 0 
+5 5 
+17 7 

Abbreviations:: ZDV, zidovudine; ddl, dideoxyinosine; ddC, dideoxycytidine; 3TC, lamivudine; IDV, indinavir; CT, current 
treatment;; RTV, ritonavir; SQV, saquinavir; NVP, nevirapine; LQV, loviride; DLV, delavirdine. 

Forr trials of more potent triple combinations it is possible that a 'ceiling effect*  could have affected the 
results,, whereby the maximum log reduction in HTV-1 RNA would have been limited by the lower 
limit ss of detection of the assay. However, with the exception of ACTG 320, all the trials in this meta-
analysiss involved treatment arms in which HTV-1 RNA remained detectable in the majority of patients 
forr sustained periods, so the maximal reductions in HTV RNA were not achieved. 

Thee 16 week time point was chosen for evaluation of responses in CD4 count and HTV-1 RNA for 
thiss analysis since this was available from all the trials. However, a sensitivity analysis of 24 week 
summaryy statistic data showed a very similar result; information for longer term changes in CD4 
countt and HTV-1 RNA was not available for a sufficient number of trials to perform a meaningful 
analysis. . 

74 4 



Itt is possible that new trials of more powerful treatments, in which the majority of patients show 
reductionss to under 400 (or 50) HIV-1 RNA copies/ml for sustained periods, may show greater 
clinicall  benefit than that predicted by the current trials, particularly if concomitant rises in CD4 cell 
countt are also large and sustained. 

Mostt trials in this meta-analysis included protocol-defined treatment for approximately 1 year. 
Therefore,, some caution should be used in extrapolating the association between treatment effects on 
HIV-11 RNA and CD4 cell count to longer-term clinical benefit. However, the association between 
markerr benefits and clinical benefits was sustained in the DELTA and ACTG 175 trials which had a 
follow-upp of approximately 30 months. 

Ideally,, estimates of treatment effects on clinical progression, HIV-1 RNA and CD4 cell count would 
bee based on the same subset of patients. However, the individual patient data on CD4 count, HIV-1 
RNAA and clinical progression from this widee range of trials were unavailable for a pooled analysis. In 
somee studies (e.g. DELTA, CAESAR, ACTG 175) summary analyses in the published reports 
indicatedd that the HIV-1 RNA patient subset was representative of the entire study population. 

Thee majority of trials used Roche Amplicor assay for evaluation of HTV-1 RNA. This is a validated 
assayy used in routine clinical practice and it is unlikely that the performance of the assay would have 
differedd significantly between trials. The Organon-Teknika assay was used in the DELTA trial, but 
estimatess of HIV-1 RNA reduction in the subset evaluated were very similar to estimates made using 
thee Roche Amplicor assay in a smaller subset of patients. 

AA potential source of bias is that retrospective evaluation of HIV-1 RNA may be limited to those trials 
withh a significant treatment effect on clinical progression. However, examination shows that the trials 
excludedd from the meta-analysis were almost all conducted over 4 years ago, prior to the development 
off  the technology for evaluation of HIV-1 RNA by the PCR technique. The majority of the trials 
completedd since 1995 are included in the meta-analysis. 

Thiss meta-analysis included trials of adults only. Considering children in isolation, a good correlation 
hass been shown between reductions in HIV-1 RNA and a reduced risk of progression to AIDS in 
paediatricc trials ACTG 152 and ACTG 300 (FDA Antiviral Advisory Committee July 1997). 

Inn summary, this meta-analysis included 15 clinical end point trials completed since 1995. Clinical 
diseasee progression, HIV-1 RNA and CD4 cell count data were analysed. We find that there is a 
concordancee between treatment effects on the markers of HIV-1 RNA and CD4 cell count, when used 
together,, are useful markers of treatment benefit. 
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CHAPTERR 9 

Lancett 1999; 353: 2061-64 

Analysiss of HIV- 1 clinical trials: statistical magic? 

Thee AVANTI Steering Committee*  (corresponding author - Andrew Hill ) 

Amongg people who are positive for HIV-1, there is a strong correlation between the between the 
concentrationss of plasma HIV-1 RNA, CD4 cell count, and the risk of progression to AIDS and 
death.11 Consequently, plasma HIV-1 RNA, together with CD4 cell count, have become the primary 
indicatorss to assess the efficacy of antiretroviral treatments.2,3 

Theree are now many different combination regimens available for the treatment of HIV-1 infection, 
includingg combinations of two nucleoside analogues with either a protease inhibitor, a non-
nucleoside,, or triple-nucleoside analogue treatment. Combinations that cause reductions in HIV-1 
RNAA to undetectable concentrations in most patients are typically judged to be the most efficacious. 
Inn many trials, only one analysis of HIV-1 RNA undetectability is presented, so that the clinician 
rememberss a single estimate of percent undetectability for a new treatment. However, there are many 
differentt ways to calculate the percentage of patients with undetectable HIV-1 RNA, which have a 
strongg effect on the results reported. The difficulty for the clinician is how to choose between these 
treatments,, given the different methods. Is the clinician simply under the spell of the statistical 
magiciann who has analysed the data? 

Undetectabilityy of HIV-1 RNA depends on the sensitivity of the assays used to detect the virus. The 
first-generationfirst-generation PCR assays , such as Roche Amplicor, can detect HIV-1 RNA if more than 400-500 
HTV-11 RNA copies are present per mL of plasma. New ultrasensitive assays have a lower limit of 
detectionn of 20-50 HIV RNA copies/mL; 50 copies/mL is the most reliable threshold. Maximum 
suppressionn of viraemia is more likely to delay the emergence of drug resistance, which could lead to 
treatmentt failure. Several trials have shown that reductions to less than 50 copies/mL are required for 
sustainedd virological suppression, and that patients with reductions to 50-400 copies/mL show more 
transientt reductions in HTV-1 RNA.4"6 Therefore, if one aim of treatment is to delay or prevent the 
emergencee of drug resistance, the lower detection limit of the most sensitive assay currently available 
shouldd be used to measure treatment success; thiss limit is currently 50 copies/mL. To classify HIV-1 
RNAA concentrations under 400 copies/mL as "undetectable" is inadequate, given that more sensitive 
assayss might detect viraemia in such patients. 

Intention-to-treatt analyses are supposed to include all patients randomised to treatment, whereas as-
treatedd or per protocol analyses include only those patients who are following the treatment as 
stipulatedd by the study protocol. However, the term intention-to-treat analysis can instil a false sense 
off  security, since it is possible to run an intention-to-treat analysis that closely resembles a per 
protocoll  analysis, depending on how missing data are classified. 

Afterr withdrawal of patients from clinical trials, it can be difficult to continue follow-up for HIV-1 
RNAA measurement, because patients may be lost to follow-up or no longer willing to take part in the 
triall  procedures. For an intention-to-treat analysis, patients with missing data on HIV-1 RNA can be 
classifiedd by two methods: (1) the data can simply be excluded from the intention-to-treat analysis 
(missingg data excluded); or (2) patients with missing data can be classified as treatment failures, with 
HIV-11 RNA at detectable concentrations (missing equals failure). Which of the two analyses is the 
mostt realistic? The difficulty with the exclusion of patients with missing data is the so-called survivor 
effect.. Patients who continue to receive allocated treatments in clinical trials tend to have more 
favourablee outcomes than those who drop out because of toxic effects, do not comply with protocol, 
aree treatment failures, or are lost to follow-up.7 Thus, the exclusion of patients with missing data after 
withdrawall  tends to overestimate the treatment effects. Trials that use this statistical analysis can be 
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identifiedd easily since the number of patients included in the analysis becomes progressively smaller 
withh increasing treatment time. By contrast, in an analysis in which missing data equals failure, the 
samplee size does not change throughout the follow-up. 

HIV-11 RNA increases rapidly after discontinuation of antiretroviral treatment,8 which suggests that 
patientss who drop out of trials and do not receive effective second-line treatments are likely to have 
detectablee HIV-1 RNA concentrations. However, an analysis in which missing data equals failure 
mayy be overly conservative if second-line treatment after the virological failure of initial regimens is 
ablee to cause a return to undetectable HIV-1 RNA concentrations. It is, therefore, important to include 
ass part of the trial design measurement of response to second-line treatment options, with continued 
follow-upp for HIV-1 RNA after withdrawal from the initial regimen. The missing data equals failure 
methodd is a standard analysis for regulatory submission of HIV-1 data to the Food and Drug 
Administrationn in USA. 

Thee results from an analysis of the triple-combination treatment groups of two trials that used the 
abovee methods are shown in Table 1. The trials recruited patients to receive lamivudine plus 
zidovudinee plus indinavir (n=52, AVANTI-2) or lamivudine plus zidovudine plus nelfinavir (n=53, 
AVANTI-3 )) for 52 weeks. Plasma HIV-1 RNA was analysed by means of the Roche assay with lower 
detectionn limits of below 400 copies/mL and 50 copies/mL. For each trial, patients were asked to 
continuee follow-up for HIV-1 RNA after withdrawal from trial medication, but this request was not 
mandated.. The overall baseline mean HIV-1 RNA was 4.9 log10 and the mean CD4 count was 293 
cells/mL,, and was similar in both trials. A longer time was required for patients to achieve reductions 
beloww the 50 copies/mL detection limit than for below 400 copies/mL detection limit, but most 
patientss had achieved below 50 copies/mL by week 28, after which time there was a decline in the 
proportionn of patients with an undetectable HIV-1 RNA to week 52. After 28 weeks of treatment, 
sevenn (13%) of 52 patients randomised to lamivudine plus zidovudine plus indinavir in AVANTI- 2 
andd nine (17%) of 53 patients randomised to lamivudine plus zidovudine plus nelfinavir in AVANTI -
33 had withdrawn from the trial or been lost to follow-up. HIV-1 RNA data was not available for these 
patients.. Three patients in AVANTI- 2 had stopped treatment at week 28, but continued follow-up 
withh measurement of HIV-1 RNA. 

Detectionn limit of Analysis Trial (treatment) 
assayy (copies/Ml) AVANTI- 2 AVANTI- 3 
.. (2idovudine/lamivudine/mdmavir) (zidovudme/lamivudüie/nelfinavir) 
<500 Intention to treat; missing data = treatment failur e 30/52 (58%) 28/53 (53%) 
<500 Intention to treat; missing data excluded 30/45(67%) 28/44(64%) 
<500 Per protocol 30/42(71%) 28/44(64%) 
<4000 Intention to treat: missing date = treatment failur e 35/52 (67%) 37/53 (70%) 
<4000 Intention to treat; missing data excluded 35/45(78%) 37/44(84%) 
<4000 Per protocol 35/42 (83%) 37/44 (84%) 

Tablee 1: Effect of assay and analysis on estimates of percent undetectability at week 28 of treatment 

Tablee 1 shows estimates of percent undetectability at week 28 according to the two lower detection 
limitss of below 50 copies/mL and 400 copies/mL with different populations for analysis. For both 
trials,, there are three main conclusions. The first conclusion is that the percent undetectable was lower 
withh a detection limit of 50 copies/mL compared with the limit of 400 copies/mL. The second is that 
percentt undetectable was lower if patients with missing HIV-1 RNA data after withdrawal were 
classifiedd as having detectable virus, compared with exclusion of those data. Finally, intention-to-treat 
analysiss with exclusion of missing data provided similar estimates of percent undetectable to the per 
protocoll  analysis, because most patients were not followed up for HTV-1 RNA after withdrawal of 
treatment.. These conclusions were also valid for analyses after 16 weeks and 52 weeks of treatment. 

Combiningg results from the two AVANTI trials, of 74 patients with maximum reductions of HTV-1 
RNAA to less than 50 copies/mL during the first 28 weeks of treatment, 11 (15%) had an increase to 
moree than 5000 copies/mL or had missing data at week 52. By contrast, of 21 patients with maximum 
reductionss to 50-400 copies/mL during the first 28 weeks, 12 (57% had an increase to above 5000 
copies/mLL at week 52 (p<0.001, x2 test). Therefore, the minimum HIV-1 RNA concentration of below 
500 copies/mL was associated with more durable reductions in HTV-1 RNA at subsequent time points. 
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Wee reviewed 12 trial s of highly active combination treatment, reported or  presented in 1998, to 
investigatee whether  the effects seen in the AVANT I  trial s were true for  other  triple-combination 

10-12 2 treatments.. Week 24 was the most widely available time point for  these trials. For  this review, 
weekk 28 of AVANTI- 2 and AVANTI- 3 were used, since this time is closest to week 24. For  each 
trial ,, we obtained estimates of the percent of patients with undetectable HIV- 1 RNA for  the detection 
limit ss of 400 copies/mL and 50 copies/mL, and for  the intention-to-treat population with missing data 
classifiedd as failure. In addition, either  the per  protocol population or  the intention-to-treat population 
withh the exclusion of patients who had missing data were used (given that the two populations 
generatedd similar  estimates of the percentage of patients who had undetectable HIV- 1 RNA for  the 
AVANT II  trials). 

Althoughh the trial s were not strictly comparable because of the differences in enrolment criteri a and 
otherr  factors, we obtained useful information on the effects of the different analyses (Table 2). 
Patientss were antiretrovira l treatment naive for  all the trials, with the exception of the Merck 03 54 

trial ,, in which patients had received zidovudine, and the SPICE trial, 19 in which 46% of patients had 
takenn nucleoside analogues. All the trial s showed large differences in the percent of patients with 
undetectablee HIV- 1 RNA between the two methods of analysis. For  the detection limi t of 400 
copies/mLL  and the per  protocol or  intention-to-treat analysis with missing data excluded, the mean 
percentt  of patients with undetectable HIV- 1 RNA across the trial s was 81% (range 57-95). For  the 
withh undetectable HIV- 1 RNA was 52% (30-78). The mean difference in these results between the 
twoo analyses was 29% (15-46). 

Triall  (ref) 

AVANTI-2(11 ) ) 
AVANTI- 33 (12) 
Merckk 035 (13)fi 
DMP-006(10) ) 
START-11 (14) 
START-l f f 
START-22 (15)f 
START-2t t 
SPICEE (16)} 
SPICEJ J 
SPICEJ J 
Danishh PI  Trial (17) 
NV15355(18) ) 
DMP-006(10) ) 
DMP-0055 (19) 
ESTCAS(20) ) 
CNAB3003(21)1 1 
Overalll  range 

Treatment t 

Lamivudme/zidovudme/mdinavir r 
Lanrivudine/zidovudine/nelfinavir r 
Lamivudine/zidovudnie/iiidmavir r 
Laimvudine/zklovudnie/radinavir r 
Larmvudine/stavudme/indiiiavir r 
Larmvudinc/zidovudinc/iiidinavi r r 
Laimvudine/zidoviidine/indinavi r r 
Stavudinc/didanosme/nidinavir r 
22 NRTI/saquma vir 
22 NRTI/nelfinavi r 
22 NRn/saquinavir/Delfinavir 
22 NRTI/ritonavir/saquin a vir 
22 NRTI/saqumavir 
Laimvudine/zidovudiDe/efevirenz z 
Laimvudine/zidovudinc/efevirenz z 
Zkiovudinc/ididanosine/nevirapine e 
Lannvudme/zidovudme/abacavir r 

%% fflV-1  RNA undetectable 
<4000 copies/mL per  protocol 
orr  I'l l with missing data excluded* 
83% % 
84% % 
90% % 
90% % 
87% % 
80% % 
77% % 
68% % 
62% % 
57% % 
87% % 
92% % 
79% % 
95% % 
88% % 
73% % 
86% % 
81%%  (57-95) 

(weekk 24) by detection limit of assay 
<500 copies/mL FIT with missing 
dataa equals treatment failure* 
58% % 
53% % 
66% % 
44% % 
55% % 
61% % 
38% % 
30% % 
42% % 
42% % 
65% % 
78% % 
49% % 
59% % 
49% % 
45% % 
54% % 
52%%  (30-78) 

ee HTV-1 RNA. t500 copy detection limi t used instead of 400. {Included NRTI  pretreated patients. §Data at 16 weeks of treatment 
Tablee 2: Effects of assay and analysis on HIV-1 RNA undetectability after 24 weeks of treatment in 12 reported trials of 
highlyy active combination treatment 

Theree is a large and increasing number  of potential combination regimens for  the treatment of HTV-1 
infection.. Comparison of all such regimens within randomised trial s would be logistically impossible, 
andd therefore there has been a trend to compare the antivira l effects of treatments used in different 
trials.. The review of trial s of zidovudine plus lamivudine plus indinavir  showed a range of estimates 
off  the percentage of patients with undetectable counts from 38% (START-2 trial ) to 66% (Merck 035 
trial) ,, even when the same detection limi t and statistical analysis were used. Other  factors could affect 
estimatess of percent undetectability, such as baseline HIV- 1 RNA treatment history, and compliance 
withh randomised treatment; these factors may differ  between trial s of different designs. Any 
comparisonn of treatment effects between clinical trial s should be treated with caution, even if the 
samee detection limit s and statistical analysis have been used. Randomised clinical trail s are the most 
reliablee way to directly compare the efficacy of treatments. 

Theree can be difficultie s with a comparison of two treatments within open-label trial s if there is a high 
ratee of withdrawal that differs significantly between treatment groups, and if there is limited 

83 3 



informationn on subsequent outcome during second-line treatment. In such cases, treatment 
comparisonss that use intention-to-treat with missing data classified as treatment failure can 
automaticallyy favour the treatment groups with the lowest rate of withdrawal, and can provide 
differentt conclusions to treatment comparisons that exclude missing data.9 

Thee mean estimate of percent undetectability for the detection limit of 50 copies/mL with an 
intention-to-treat,, missing data equals failure approach was 52%. Therefore, more potent 
combinationss with improved toxicity profiles and potential for better adherence need to be assessed, 
too attempt to cause higher proportions of patients to achieve maximum virological suppression for 
sustainedd periods. However, for patients who do not achieve suppression of viraemia to under 50 
copies/mL,, development of AIDS is rare until HIV-1 RNA concentration increases above 5,000-
10,0000 copies/mL, particularly if CD4 counts are raised.1 Partial suppression of viraemia confers a 
short-termm clinical benefit, despite the risk of more rapid development of drug resistance. 

Theree is limited data available on the efficacy of triple-combination treatments beyond 12 months. 
Withh the potential for loss of efficacy through development of resistance, progressive toxic effects, 
non-compliancee with complex treatment regimens, and withdrawal from all therapy, it is important to 
havee long-term data from HIV-1 clinical trials. Data from long-term cohort studies may be valuable in 
thiss setting. 

Perr protocol analyses (or intention to treat with exclusion of missing data) provide valuable 
informationn on the potency of treatment among patients who continue to receive their medication, but 
thesee analyses overestimate the efficacy of treatments and can provide a false expectation of the true 
treatmentt efficacy for clinicians and patients if presented in isolation. Intention-to-treat analysis with 
missingg data classified as treatment failure with the most sensitive detection limits available should 
alwayss be presented. In our review of the 12 HIV trials, it was often difficult to extract the estimates 
off  efficacy by this type of analysis. Standardisation needs to be imposed by medical journals and 
internationall  conferences. Without standardisation, the current situation will persist, where a 
treatment'ss reported efficacy could depend as much on the wave of the statistical magician's wand as 
thee true potency and tolerability of the drug combination. 
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Forr a drug to be clinically useful, plasma concentrations of the agent must achieve effective 
concentrations.. Logically, therefore, optimum administration of drugs includes selection of doses that 
providee adequate exposure. This approach has been successfully used during drug development - e.g., 
forr antibacterials1 and has been applied to agents used in the treatment of HEV-1. However, methods 
usedd to ascertain actual exposure, and targets for adequate exposure, to protease inhibitors, have not 
beenn standardised. This situation has resulted in confusion over the relevance of such tests in clinical 
practice.. We review the procedures used, draw attention to the many variables involved in what can 
initiallyy seem to be straightforward calculations, and emphasise the need for consistency to ensure that 
conclusionss reached are scientifically accurate. We have illustrated this difficulty with HIV-1 protease 
inhibitors,, however, the principles outlined are applicable to other therapies. 

Clinicallyy effective concentrations of antimicrobial drugs are difficult to predict, since potency is 
generallyy assessed in vitro (as inhibitory concentrations [IC]). For example, in fflV-1  infection, IC50 

andd IC90, the in-vitro concentration of drug needed to inhibit viral replication by 50 or 90% 
respectively,, are cited most often.2 The higher the minimum observed drug plasma concentration 
(CmnOO compared with the IC, the greater the potential for lasting suppression of viral replication. As 
thee Qnin falls to near or below the IC, viral breakthrough can occur.3 In the absence of direct 
comparativee clinical trials, the ratio of plasma drug O,™ to IC has been used to predict clinical 
efficacyy of protease inhibitors.4 However, C ^ and IC values are affected by many variables, and 
theree are no clinically validated standards as to how they should be reported. ITie potential for widely 
varyingg Cm^/IC ratios for a single regimen, dependent on which methods of determination are chosen, 
iss therefore great. This situation closely resembles the confusion that surrounded interpretation of 
HIV-11 RNA plasma concentrations.5 

Factorss affecting Cmin and IC values 
Drugg Qnin values can vary widely because of several factors. With protease inhibitors, the most 
importantt factor is between-patient variability in the pharmacokinetics of these drugs,6 for which there 
iss a positive skew on the distribution of values. There can therefore be substantial differences in 
averagee values dependent on how they are generated. Taking the geometric mean or median, both of 
whichh are less affected by outliers than other statistical parameters, is more likely to provide a 
reasonablee representation of the average value in a specific population than use of the arithmetic 
mean.. However, whichever value is chosen, between-patient pharmacokinetic variability means that 
Cmin/ICC ratios wil l not be consistent for all patients on the same regimen. Additionally, C,^ values 
cann differ between assessments because of within-patient variability in pharmacokinetics. Hence, 
Cmin/ICC ratios for any one patient might also vary. Values can also vary widely in treatments with 
combinationn regimens, especially if non-nucleoside reverse transcriptase inhibitors are used.6'7 The 
Cminn value cited should therefore be relevant to the particular combination and dose of drugs being 
given. . 

Thee IC value of antimicrobial drugs can also change greatly. Assessment of IC of protease inhibitors, 
forr example, can include various tests (measuring different markers of HIV replication), cell types (T-
celll  or monocyte cell lines, or primary human cells), types of infection (acute, chronic, or latent), and 
virall  strains (wild-type, modestly resistant, highly resistant). The range of potential assays explains 
thee range of IC values cited in protease inhibitor prescribing information (table).4"13 As for C^, IC 
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valuess can be expressed in several units, further confusing the issue. Combinations of agents can also 
showw synergy when coadministered.14 Li such cases, the calculated IC50 value for drugs measured 
individuallyy under-represents that of the combination. 

Inn the case of protease inhibitors, use of in-vitro values is further complicated because most are highly 
proteinn bound.8 Since only free drug inhibits viral replication, in-vitro ICs are typically adjusted for 
proteinn binding to more closely represent the clinical setting. However, this adjustment can be done 
withh several methods - in-vitro IC can be divided by free fraction of drug to derive an in-vivo 
estimate,, or IC50, can be measured in the presence of 50% human serum.8 These correction methods 
havee not been validated clinically and all lead to a different adjustment factor (table).8 

IC»» (nmol/L) 
IG»» (nmol/L) 
IC955 (nmol/L) 

Saquinavir r 

1-30* * 
5-80* * 
164 4 

Indinavirr (IDV) 

NA A 
25-100§ § 
34« « 

Factorss for adjustment for protein binding 
Methodd 1 33*  2.5§ 
Methodd 2 25 2 
Cminn (nmol/L) 12000 mg thrice 

daily:: 1339 

SQV:RTV V 

1600:1000 mg four 
timess daily: 7139 

8000 mg thrice 
daily:: 21110 

IDV:RTV V 

800:1000 mg twice 
daily:: 535:*223310 

Nelfinavirr (NFV) 

NA A 
NA A 
7-196 6 

50 0 
35 5 
7500 mg thrice 
daily:: 1754-5263 
12500 mg twice 
daily:: 1754 

Lopinavirr (LPV) 

4-289f f 
NA A 
NA A 

50-99f f 
5.3 3 
LPV/RTV V 

400:1000 mg twice 
daily:: 5873n 

LPV-RTV V 
533:1333 mg twice 
daily:: 936512 

Amprenavir r 
(APV) ) 
12-410J J 
NA A 
924 4 

10J J 
6 6 
1200mgg twice 
daily:: 63913 

APV/RTV V 

600:1000 mg twice 
daily:: 3902!3 

NA=nott available in the published literature. RTV=ritonavir. Method 1= multiplication of IC50 

accordingg to free fraction of drug as reported in US PI-e.g., if 97% of drug is protein bound, 3% is 
free,free, and IC50 is multiplied by a factor of 33 (100/3). Method 2: fold increase in IC50 in presence of 
50%% human serum compared with 0% human serum, average of values for several wild-type 
laboratoryy HIV-1 strains.8 Crnm==minimum plasma concentration. IC=inhibitory concentration. 
*Fromm US prescribing information, Roche Laboratories, November, 1997. tFrom US prescribing 
information,, Abbot Laboratories, September, 2000. |From US prescribing information, 
GlaxoWellcome,, May, 2000. §From US prescribing information, Merck & Co, February, 2000. 

Fromm US prescribing information, Agouron Pharmaceuticals, January 1998 
Rangee of values from which a CWIC ratio can be derived 

Measurementt of both C  ̂ and IC is highly dependent on the assay, statistical methods, and 
assumptionss made. Even taking specific methods, once the variability around the average values used 
inn the calculation of the Cmm/IC ratio has been taken into account, the ratio for any one drug will still 
varyy substantially between patients (panel). 

Furtherr  considerations in translation of in-vitr o values to in-vivo use 
Wee have detailed the many variables that can be implicated in the ascertainment of variables used to 
predictt efficacy, such as C^JIC ratios. The example of protease inhibitors shows that as Cn^/IC ratios 
shouldd be standardised. However, the applicability of these values in-vivo can be further limited by 
additionall  factors. For example, for the protease inhibitors, there are few data suggesting that C^ 
valuess in healthy volunteers and in people infected with HIV-1 might differ.610 If this were so, 
dependentt on the circumstances of the assessment Qm, values might be determined by stage of 
disease,, comorbidities, degree of adherence to dosing schedule, and food requirement of regimen. 
Potentiall  differences in pharmacokinetics should be examined in a formal way. 

In-vitroo data also suggest that some drugs could differ in terms of the extent of intracellular 
absorptions,, and that differences might exist between intracellular and blood plasma 
pharmacokineticss for some agents.16 The intracellular concentration of a drug is of paramount 
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importancee for clinical activity, and could therefore be more representative of potential activity than 
plasmaa concentration. However, we do not yet know if these in-vitro findings are clinically relevant in 
HIVV therapy. There is much discussion about the usefulness of monitoring of plasma concentrations 
off  drugs. This action would allow the identification of potentially subtherapeutic or toxic 
concentrations,, allowing the dose of drug to be adjusted accordingly (therapeutic drug monitoring). 
Althoughh the use of therapeutic drug monitoring is becoming more popular in this area, many 
questionss need to be answered before its place in clinical practice is established -i.e., what to 
measure,, when and how to measure, and whether potential differences between intracellular and 
plasmaa pharmacokinetics of drugs are clinically relevant. Prospective validation of the use of 
therapeuticc drug monitoring is needed before implementation of the procedure. 

Withh respect to IC values, we should remember that, in HIV-1 infection, plasma protein 
concentrationss differs between healthy volunteers and patients ct-1 acid glycoprotein can increase four 
foldd in HIV-positive patients.17 Hence, accurate adjustments to the IC value on the basis of percentage 
proteinn binding in-vivo can only be made after measurement of the free fraction of drug in the plasma 
off  patients infected with HIV. 

In-vitroo methods of assessing IC values cannot take into account active metabolites produced in vivo, 
ass happens in the case of some HIV-1 treatments.18 Some in-vivo generated effective concentrations 
havee been defined by assessing the drug concentration corresponding to 50% of maximum reduction 
inn HIV/RNA concentrations (table).19 These values might be more relevant to clinical practice than in-
vitroo ICs. However, since these data are generally derived from monotherapy studies, clinicians 
shouldd be aware that the EC50 (effective concentration) could also be different with a combination 
regimen.. Additionally, EC50 values should not be used to compare the potency of drugs, because of 
thee pharmacodynamic efficacy variables used in their derivation are rarely the same. 

Assessmentt  of Cmin/IC90 ratio: impact of variabilit y around each determination 
involved d 

Factorr used in ascertainment of 
CWIC500 ratio 
Value e 

Potentiall  variability between 
patients s 

-̂min n 

Mean n 
(SD) ) 

70%% + 

IC50 0 

Mean n 
(SD) ) 

50%% + 

Proteinn binding 

Mean n 
(SD) ) 

50% % 

%% coefficient of variation on 
C^/ICJOO ratio =100% 

Cminn = minimum plasma concentration. IC = inhibitory concentration 

Recommendations s 
Becausee of the multiple variables in their derivation, C  ̂ and IC values should be presented as a 
rangee of possible estimates. Until the ascertainment process is standardised, use of these values should 
bee restricted to initial dose-ranging studies, in which case they might be useful in the identification of 
thee most appropriate range of doses for further assessment. Correlation between pharmacokinetic 
indices,, including C^JIC values, and effect, should be established early in drug development (phase 
I/nn testing). 

Forr standardisation, Cmm values should be based on pharmacokinetic analysis at fixed times in 
patients.. Median or geometric mean values should be used for small populations of patients. Even 
then,, Qmn can vary substantially in clinical practice because of issues such as disease stage, adherence, 
andd comorbidities. In terms of IC, in-vivo EC50, or EC90 measured directly in treated patients should 
bee used wherever possible, at least until in-vitro phenotypic tests are validated against in-vivo 
pharmacodynamics.. Finally, we cannot emphasise enough that, even with standardisation in place, 
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comparisonss of these values across drugs such as protease inhibitors cannot replace prospective 
randomisedd comparative clinical trials. 
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CHAPTERR 11 

Discussion n 

Clinicall  Endpoint Trial s 
Itt was feasible to conduct clinical endpoint trials such as the Concorde, Delta, and CAESAR in the 
latee 1980's and early 1990's because of two main factors, both of which no longer apply. 

First,, since surrogate markers of HIV disease progression had not been validated, it was still 
consideredd ethical to randomise patients to a control arm with an inferior effect on CD4 count and 
HIVV RNA and follow patients up to detect long term effects on clinical endpoints. Now that these 
surrogatee markers have been validated, this type of design would no longer be considered ethical for 
evaluationn of antiretrovirals, since the control group would then suffer an unacceptably high risk of 
clinicall  progression. Already in the late 1980's the power of clinical endpoint trials was being eroded 
byy patients attempting to unblind themselves to treatment and to switch onto the treatment with 
greatestt effects on surrogate markers. The power calculations for the CAESAR trial were made by 
computerr simulation, assuming that 15% of patients would switch from control arm onto active 
treatmentt during the course of the trial - this led to a large sample size - 1900 patients overall - to 
providee adequate power to detect a difference in clinical progression rates of 50% between the 
treatmentt arms. Other design features were included in the CAESAR trial, such as unequal 
randomisationn (only 25% of patients did not receive 3TC), a fixed period of 1 year of randomised 
treatmentt followed by open label access to 3TC for all patients, and use of an experimental NNRTI, 
loviride,, in 25% of patients (CAESAR 1996). 

Second,, the treatments under evaluation until the mid-1990 *s showed relatively poor efficacy; 
incompletee and transient suppression of HIV RNA levels was observed for NRTI monotherapy or 
duall  NRTI therapy, with relatively small rises in CD4 counts (Staszewski 1996). The rates of clinical 
progressionn to AIDS and AIDS related deaths during treatment with these regimens still exceeded 
backgroundd rates of non-HIV-related morbidity and mortality. For example in the CAESAR trial the 
ratee of progression to AIDS and death during 10 months was 20% in the control arm and 10% in the 
3TCC arm. However, with modern HAART regimens where the majority of patients show reductions in 
HIV-11 RNA to undetectable levels and concomitant rises in CD4 count, differences in rates of clinical 
HTVV disease progression between treatment arms would likely be much smaller (especially when 
comparingg HAART regimens with similar effects on HIV RNA and CD4 counts), requiring far larger 
samplee sizes and longer follow up times. For example in the ACTG 320 trial of AZT/3TC/indinavir 
thee one year rate of progression to AIDS and death was 5% (Hammer 1998). 

Inn the current climate, it would be necessary to evaluate head-to-head two treatments with similar 
effectss on HIV RNA and CD4 counts, both of which may be unlikely to lead to significant rates of 
HIV-relatedd clinical events. The contribution of non-HIV treatment related endpoints such as liver 
failuree from Hepatitis B or C co-infection, cardiovascular events, or other non-HIV related deaths 
mayy now tend to make treatment arms more similar - this is also called the "equivalence by default" 
situation,, where two treatment arms are considered to be equally efficacious simply because of a high 
ratee of non-treatment related endpoints occurring in both treatment groups. One potential application 
off  a clinical endpoint analysis would be during the introduction of a new treatment class to salvage 
patientss in controlled trials. For example the fusion inhibitor T-20 is being evaluated versus no fusion 
inhibitorr in randomised trials of triple class experienced patients. There is the potential to collect and 
analysee rates of clinical progression for those receiving and not receiving T-20 in these protocols. 

Onee technique used to increase power to detect treatment effects for rare endpoints is meta-analysis. 
Pooledd analysis of the effects of 3TC treatment on clinical progression was conducted for four 
surrogatee marker trials of 3TC treatment (Staszewski 1997), for trials of early versus deferred 
zidovudinee (HIV Trialists Collaborative Group 2000), and for trials of dual nucleoside treatment 
versuss nucleoside monotherapy (HIV Trialists Collaborative Group 2000). Such meta-analyses 

95 5 



providee more precise estimates of treatment effects than individual trials, and also prevent 
misinterpretationn of isolated results from individual clinical trials. For example the large size of the 
initiall  survival benefit of zidovudine monotherapy versus placebo in the BW002 trial, and the 
apparentt effect of early zidovudine usage on higher mortality in the Concorde trial - were both shown 
too be outliers when results from all trials were combined in meta-analysis (HIV Trialists Collaborative 
Groupp 2000). 

Clinicall  endpoint trials may still be of use for new HIV treatments whose efficacy has not been 
validatedd with the conventional surrogate markers, or for evaluation of the long-term toxicity of 
antiretrovirall  treatment. For example interleukin-2 (EL-2) causes stimulation of the immune system 
withh rises in CD4 count, but no effects on HIV RNA levels (Emery 2000). It is not clear whether this 
riserise in CD4 count has the same protective effect on HTV disease progression as rises seen during 
antiretrovirall  treatment - the ESPRIT trial, currently enrolling, is examining the effects of IL-2 versus 
controll  treatment on rates of clinical disease progression. Secondly, the effects of antiretrovirals on 
CD44 counts or HTV RNA are unlikely to explain treatment effects on serious toxicities, such as 
hypesensitivity,, lactic acidosis and pancreatitis. Clinical endpoint trials of long-term treatment are 
requiredd to determine whether the benefit of treatment in reducing progression to AIDS and death 
continuess to outweigh the potential risk of treatment in causing serious life-threatening toxicities. The 
recentlyy initiated SMART trial is evaluating this cost-benefit issue, randomising patients to early 
versuss delayed initiation of HAART with a planned 6 year follow up. 

Usee of surrogate markers in dosage selection 
Inn 1991-2, whenn the dose ranging trials of 3TC were conducted, it was not clear which markers were 
mostt closely linked with treatment effects on clinical progression. Therefore a variety of markers was 
analysed,, including CD4 count, beta-2 -microglobulin, neopterin, anti-CD3 antibodies, p24 antigen, 
ICDD p24 antigen, HIV RNA and cellular viraemia. 

Inn typical Phase VU development of an antiviral drug, a range of dosages are evaluated for antiviral 
potencyy and safety, and the dosage with maximal efficacy but below the threshold level correlated 
withh toxicity is chosen for future development. This dosage is referred to as the "maximum tolerated 
dosage".. This is in contrast to the "minimal effective dose" which may provide equivalent efficacy to 
thee maximum tolerated dosage but with a lesser potential to produce long-term toxicity. 

Forr correlations to be established between levels of any surrogate marker and the dosage of a 
treatmentt in Phase I/H trials, two issues are critical: (i) the range of dosages used in the trials need to 
coverr the limits of the drug's therapeutic window, and (ii) the patients treated with different drug 
dosagess need to be well balanced for baseline characteristics. For the development of 3TC, a drug 
withh a wide therapeutic window, a range of dosages was investigated but the second condition was not 
met,, making selection of a dosage for future development problematic. 

Thee two Phase I/n dose ranging trials were non-randomised - patients were enrolled into dosage 
cohortss at successively higher dosages with the aim of identifying a minimally effective and a 
maximallyy tolerated dosage (Van Leeuwen 1995, Pluda 1995). 

Analysiss of both trials showed few consistent correlations between the dosage of 3TC received and 
changess in surrogate markers, including the rate of development of the Ml 84V mutation (Schuurman 
1995).. Analysis of virological markers showed a significantly greater reduction in cellular viraemia 
forr those treated with higher dosages of 3TC (Ingrand 1996), but these trends were observed only for 
subsetss of patients in the trial, and were not consistent for analysis of p24 antigen across all patients in 
thee two dose ranging trials. Baseline characteristics of the successive dosage cohorts differed and it 
wass difficult to determine whether differences in response between the dosage cohorts were caused by 
differencess in baseline characteristics, the efficacy of the drug at new dosages or differences in the 
emergencee of resistance. For example, it is known that baseline levels of HTV RNA are predictive of 
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thee likelihood of sustained HIV RNA suppression during NRTI treatment (Opravil 1997), yet there 
wass a range of the baseline levels of viral load between the dosage cohorts in the two 3TC trials. 

Whenn three randomised trials of 3TC were conducted to compare the efficacy and safety of 3TC 300 
mgg twice daily versus 150 mg twice daily, comparable efficacy (measured by clinical endpoints and 
surrogatee markers) was observed at the two dosage levels, suggesting that a plateau of efficacy had 
alreadyy been achieved and that the minimally effective dosage may be lower (Staszweslri 1996, 
Staszewskii  1997, Eron 1995, Bartlett 1996). New dose ranging trials of 3TC may find that dosages 
lowerr than the 150 mg twice daily may provide equivalent efficacy. Such dose reductions would 
lowerr costs of treatment in resource poor countries (Hill 2001). Analysis of the concentration of 3TC 
triphosphatee - the active metabolite of 3TC - showed a significant correlation with efficacy for 
patientss treated at 150mg bid (Fletcher 2000), however this analysis was restricted to only 7 patients, 
andd it is not clear whether adherence to treatment or between patient variability in drug metabolism -
explainedd part of this correlation. A comparison of the intracellular pharmacokinetics of 3TC dosed at 
150mgg BID and 300mg BID also showed high interpatient variability, and showed no significant 
differencee in triphosphate concentrations between the two dosages (Moore 1999). 

Difficultiess in dosage selection have also been found for other antiretrovirals, with a similar plateau 
effectt characterised after initial drug approval. The initially approved dosage of zidovudine - 1200 mg 
perr day (200 mg every four hours) was later reduced to 500-600 mg per day (250-300 mg twice daily) 
basedd on a large dose ranging study conducted after drug approval (Nordic MRC 1992), which 
showedd similar efficacy of lower dosages of zidovudine, but with a better toxicity profile. Similarly 
thee two dosages of the new protease inhibitor atazanavir (400 mg once daily and 600 mg once daily) 
havee similar efficacy, but with a trend for greater symptomatic hyperbilirubinaemia at the higher 
dosagee (CahnP 2001). 

Boostingg of PI drug levels was initially conducted using a dosage of ritonavir of 400 mg twice daily 
(Katzensteinn 2000); subsequent trials have shown that dosages of 50-100 mg ritonavir once or twice 
dailyy is sufficient for this boosting effect (Veldkamp 2001, Kurowski 2001). Lower ritonavir dosages 
havee the advantage of lower toxicity as well as lower costs (Buss 2001). 

Randomisedd trials comparing different dosages of an antiretroviral are likely to provide a more 
accuratee determination of dosage than the non-randomised dose escalation design used for 3TC and 
otherr nucleosides, because it is more likely that baseline characteristics of patients receiving different 
drugg dosages will be more balanced. Randomised dose ranging trials have been conducted for the new 
proteasee inhibitors atazanavir (Cahn 2000) and lopinavir/r (Murphy 2001). 

Validationn of surrogate markers 
Off  the range of surrogate markers used in the early 1990's, only two have passed the various tests of 
surrogacyy required to be used in regulatory approval of new treatments as a substitute for clinical 
endpointt trials. Five key stages of analysis were required in order to prove this surrogacy: 

1.. Baseline levels of the surrogate markers predict progression to AIDS/death in natural history 
studies. . 
Thiss criterion was passed for many potential surrogate markers, in the late 1980's and 1990's. High 
ratess of progression to AIDS and death were associated with abnormal levels of neopterin, beta-2-
microglobulin,, p24 antigenaemia, HIV RNA, SI phenotype, low CD4 count, higher age and clinical 
symptomss such as oral candidiasis and oral hairy leucoplakia (Lange 1989, Moss 1988, Spijkerman 
1998).. Multivariate analyses of these databases provided various combinations of markers most 
closelyy associated with progression. The choice of a more restricted set of markers to use in 
subsequentt trials was guided by two factors: (i) the ease of measurement and standardisation in 
interpretationn of the markers, and (ii) robustness of the correlation between markers and progression 
acrosss cohort studies. By the mid 1990's, a variety of cohorts and clinical trials had shown consistent 
correlationss between low CD4 count, high HIV RNA levels and progression to AIDS or death (de 
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Wolff  1997, Mellors 1997, Phillips 1996, Cozzi Lepri 1998, Loveday 1995), with a tendency for high 
HIVV RNA to be more prognostic in early stage disease, and low CD4 count to be more prognostic in 
laterr stage disease. 

2.. Changes in the marker  during treatment predict progression to AIDS/death. 
Theree are certain markers that HIV treatment may not affect and therefore which could not qualify as 
surrogatee markers of treatment effect, despite being strong markers of HIV disease progression. For 
example,, not all HIV treatments affect SI phenotype or haemoglobin levels; clearly none could affect 
agee or HLA haplotype, all of which had been established as prognostic markers. 

Studiess of HIV clinical trials established that patients with the greatest rises in CD4 count and 
reductionss in HIV RNA during treatment had the greatest reduction in the subsequent risk of 
progressionn to AIDS or death (Fiscus 1998, Staszewski 1998). 

3.. Surrogate markers need to be measured in clinical trial s of a treatment that has a significant 
effectt  on progression to AIDS or  death. 
Thiss is a necessary pre-condition for the validation of surrogate markers in any disease. In order to 
characterisee the predictive value of a surrogate, a clinical trial needs to have shown a significant 
reductionn in clinical disease progression, which can then be correlated to changes in the surrogate 
markerss to evaluate their predictive power (Hughes 1995). The treatment effects in early clinical 
trialss of antiretrovirals had been relatively small, making analysis by the Prentice Criteria difficult. 

4.. The "Prentice criterion" 
Thiss was a condition claimed to be critical to establish the surrogacy of a candidate marker. This 
conditionn states that, when adjusted for pre-treatment levels, the changes in the markers during 
treatmentt are able reliably to predict the actual clinical benefits of the treatment (Fleming 1994). 

Thee Veteran Affairs study showed a clinical benefit to early versus deferred zidovudine monotherapy 
(Hartigann 1992). By application of the Prentice criteria to this trial, it was determined that a high 
percentagee of this benefit could be "explained" by rises in CD4 count and reductions in HIV RNA 
duringg the early phase of the trial (O'Brien 1996). This analysis has since been criticised by others 
bothh in terms of methodology and application of the same methods to other trials. In terms of 
methodology,, the Prentice criteria calculation has the potential to produce a percentage of treatment 
effectt explained (PTE) of over 100%, or a negative number, both of which are counterintuitive. Also 
thee confidence intervals on the PTE can range from zero to over 100%, so in cases such as the 
Veterann Affairs trial, it is not possible to exclude the possibility that the surrogates explain none of the 
clinicall  benefits of treatment (Hughes 1995). 

Whenn the Prentice Criteria were applied to the CAESAR trial, the PTE was also high (Montaner 
1998).. A similar analysis was applied to clinical data from two North American trials of ZDV/3TC 
treatment,, with similar results (Phillips 1997). However given that the median follow up time these 
trialss was short, it is not clear the extent to which the surrogate marker changes are explaining a 
concurrentt clinical benefit, versus predicting a clinical benefit occurring subsequent to the marker 
changes. . 

Thee Prentice Criteria were also applied to the MRC/INSERM Delta trial, which compared the clinical 
efficacyy of treatment with ZDV/ddl, ZDV/ddC and ZDV monotherapy - in this case, the clinical 
benefitss predicted from early changes in the HIV RNA and CD4 counts were divergent from the 
actuall  clinical benefits observed (Delta Co-ordinating Committee and Virology Group 1999). 

Ann additional problem with the Prentice Criterion was the selection of a subset of clinical trials with 
significantt effects of treatment on clinical progression for validation of surrogate markers. It was 
claimedd that analysis of the entire set of clinical trials of a treatment, including those without such 
clinicall  benefits, would provide a more representative conclusion over surrogacy (Hughes 1995). 
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5.. The "Hnghes criterion" . 
Givenn the potential methodological limitations of the Prentice Criterion above, an additional test of 
surrogacyy was devised by Michael Hughes at the Harvard School of Public Health. This criterion was 
that,, across a range of treatments, there is a correlation between surrogate marker benefits and clinical 
benefitss of treatment - i.e. those treatments with the greatest improvement in surrogate markers also 
showw the greatest reductions in progression to AIDS/death. 

Thiss technique was applied to clinical trials using summary measures of surrogate marker and clinical 
effectss (Hill 1998) and later using raw data, albeit on a more limited set of clinical trials (HIV 
Surrogatee Marker Collaborative Group 2000). Both analyses showed a correspondence between the 
effectss of treatment on CD4 and HIV RNA and their effects on clinical progression, but the results did 
nott reach statistical significance in all analyses. 

Overalll  the analysis of CD4 count and HIV RNA has not completely passed all the criteria for 
validationn of surrogate markers. However the correlations observed between surrogate marker and 
clinicall  effects have been sufficiently strong, and the difficulties of running clinical endpoint trials 
sufficientlyy great, for a pragmatic decision from regulatory authorities to adopt these markers as the 
basiss for full approval of new antiretrovirals. 

Itt is possible for a treatment to lower rates of progression to ADDS but also to cause significant 
mortalityy through drug toxicity - in such cases thee surrogate markers may again be incomplete in their 
predictionn of overall clinical benefits (Machado 1990). Ongoing surveillance is required to determine 
whetherr long-term toxicities of HIV treatment which may to some extent counterbalance the early 
clinicall  benefits predicted from rises in CD4 count and reductions in HIV RNA levels. 

Thee futur e - the need for  standardisation in analysis of HIV surrogate markers. 
Noww that HIV RNA and CD4 count are accepted as the primary markers of antiretroviral treatment 
effect,, there is a need for standardised techniques of analysis and interpretation of clinical trials data 
involvingg the two markers. After calls for such standardisation in the late 1990's, HIV RNA data from 
clinicall  trials is now typically presented with an Intent to Treat analysis, with a description of how 
missingg data is classified (AVANT I Steering Committee 1999). However there are still differences in 
howw data are presented. In particular the two key areas with greatest differences between trial 
presentationss are: 

1.. Inclusion of randomised patients who never  received tria l medication. 
Thee validity of statistical tests for differences in treatment arms relies on the assumption that the 
patientss were allocated into the treatment groups in a truly random fashion - any bias in this allocation 
-- either from clinicians or patients, who may favour one treatment over another - can invalidate the 
assumptionss of these tests. 

Inn clinical trials, there can be patients who are allocated a particular treatment at randomisation and 
thenn decide not to receive this treatment at the baseline visit. If these patients were less likely to 
respondd to this treatment, then this may lead to a "selection bias" effect and the random allocation of 
patientss is no longer maintained. There are two approaches to assessing these patients in ITT analyses: 

 "ITT all" analysis - all randomised patients are included, whether or not they received a single 
dosee of randomised treatment. Patients who were randomised but did not receive randomised 
treatmentt are automatically classified as treatment failures in the analysis. The advantage of this 
analysiss is that it does not violate the rule of random allocation of patients to treatment groups. 
Howeverr the disadvantage is that, with patients who never received treatment being classified as 
treatmentt failures, conservative estimates of treatment efficacy can be obtained. 

 "ITT exposed" analysis - only those patients who were randomised and received at least one dose 
off  trial medication are included. Patients who were randomised but did not receive trial 
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medicationn are excluded from the 111 analysis. This analysis may allow the entry of selection 
biass to the trial, if either the clinician or patient is aware of the treatment they had been 
randomisedd to prior to treatment initiation. However, in some cases, patients are lost to follow up 
afterr randomisation with no knowledge of their treatment allocation. The advantage of this 
analysiss is the benefit of assessing efficacy and safety of a treatment for patients who had all 
receivedd this treatment. 

Thee choice of "ITT all" versus "ITT exposed" analysis makes littl e difference to the conclusions made 
fromfrom a clinical trial if the number of patients randomised but never treated is small and evenly 
balancedd between treatment arms. 

However,, recently two clinical trials of were conducted where patients were randomised to either 
continuedd protease inhibitor treatment or a switch to efavirenz. In these trials, more patients 
randomisedd to the PI arm than the efavirenz arm never initiated treatment (Katlama 2001). All 
patientss who never initiated treatment were excluded from the final ITT analysis, since inclusion of 
thee never treated patients would have potentially biased the trial against the continued PI arm. In the 
MaxCminn 1 trial there were 10/158 patients in the saquinavir arm and 1/159 patients in the indinavir 
armm who were randomised but never treated (Dragsted 2001). The ITT analysis was conducted using 
bothh the "ITT all" and "ITT exposed" approaches. In this trial, four of the ten patients randomised but 
neverr treated with saquinavir had been unaware of the treatment arm allocated when lost to follow up. 

2.. Inclusion of patients who switch from their  randomised medication to a salvage treatment 
Theree are two schools of thought in the interpretation of Intent to Treat analysis for patients 
discontinuingg randomised treatment: 

 regulatory ("switch equals failure" ) approach - for regulatory authorities granting marketing 
approvalss to new treatments based on clinical trials data, the key issue is the intrinsic potency and 
tolerabilityy of this particular treatment in the trial. Those who discontinue their randomised 
treatmentt for any reason (virological failure, toxicity, non-adherence) the product labels for the 
treatmentss have typically classified these patients as treatment failures, regardless of the outcome 
off  subsequent second-line or salvage treatments. Classifying discontinuations as treatment 
failuress has also been termed "switch equals failure", "ITTd" or "non-completer equals failure" 
analysis. . 

 treatment strategy ("switch included") approach - for clinical trials where patients are 
randomisedd to an initial treatment but with pre-defined second-line treatments available, the 
measuree of interest may be the success of the overall sequence of treatments received, rather than 
thee success of the initial randomised treatment considered in isolation. For example in the 
MRC/INSERMM Initio trial, patients are randomised to one of three sequences of 2 treatments and 
aa pre-defined salvage option - the primary protocol endpoint is the virological suppression 
achievedd by following each of the different sequences of treatment. Analyses which examine the 
overalll  outcome of a sequence of treatments are often termed "Intent to Treat - switch included". 

Sincee the two analytical approaches are attempting to answer different questions, both have validity in 
differentt situations. 

Onee issue with the "switch equals failure" approach is that it may not well characterise the potency of 
aa treatment, because many of the treatment failure endpoints could be the result of loss to follow up or 
withdrawall  owing to toxicity, with relatively few true virological endpoints. This was observed in the 
CNA30055 trial of ZDV/3TC/Abacavir versus ZDV/3TC/indinavir, which had a high rate of 
withdrawall  from randomised medication in both treatment arms (Staszewski 2001). In the Intent to 
Treatt analysis with "switch equals failure, the two treatment arms were found to be equivalent. 
Howeverr in As Treated analysis including only virological failure, the indinavir arm was associated 
withh a higher proportion of patients achieving HIV RNA undetectabilityy (Staszewski 2001). Therefore 
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ann As Treated analysis is necessary to provide supplementary information on potency, to combine 
withh the H i results which combine potency and tolerability of a treatment. 

Conclusionss from clinical trials analysed using the "switch included" approach need to be described 
carefullyy in terms of the salvage options included in the trial design. Two treatments may appear 
equivalentt in this type of analysis even when one strategy has led to a higher rate of usage of salvage 
treatments.. This was found in the BEST trial, where the proportion of patients with HIV RNA < 400 
copies/mll  at 48 weeks was similar between the two arms in the ITT-switch included analysis (87% for 
indinavirr 800 mg TID versus 85% for indinavir/r 800/100 mg BID) even though significantly more 
patientss discontinued the initial randomised treatment in one arm - the success of these patients on 
subsequentt salvage treatments led to the two arms giving similar results in the ITT switch included 
analysis.. The result from the ITT non-completer equals failure analysis showed a significant benefit of 
indinavirr 800 mg TID versus indinavir/r 800/100 mg bid (74 versus 57%, p=0.001) (Gerstoft 2001). 

Otherr  potential surrogate markers 
Itt may be that other markers of treatment effect are incorporated into routine clinical practice in the 
future.. Two new markers - the lymphocyte subtype CD8+CD38+, and HIV DNA level - have both 
beenn correlated with clinical progression independently from the CD4 count and HIV RNA in cohort 
studiess (Liu 1998, REF). In addition, the presence of active co-infection with the flavivirus GBV-C, 
ass measured by GBV-C RNA - is strongly associated with improved survival and lower rates of 
progressionn to AIDS in cohort studies (Tillmann 2001, Xiang 2001). New analyses, involving cohorts 
wheree several markers have been measured on the same patients, are required to determine whether 
thee apparently beneficial effect of this co-infection can be explained by effects on CD4 count and HIV 
RNA. . 

Otherr cohort studies have found that haemoglobin is a strong, independent predictor of survival 
duringg HAART treatment (Mocroft 1999, Chene 1997). However it is unclear whether this correlation 
reflectss the effects of underlying HIV disease rather than the potential effects of treatment for HTV. If 
haemoglobinn were reliable as a surrogate marker this would suggest that a treatment such as 
zidovudine,, or zidovudine-lamivudine, which cause reductions in haemoglobin levels (Hester 1998, 
Tsengg 1998), would therefore increase mortality, and that a treatment such as erythropoetin could 
improvee survival by increasing haemoglobin levels. These possibilities would need to be investigated 
usingg the same techniques used to establish HIV RNA and CD4 count as surrogate markers. This type 
off  analysis would need to be conducted for large clinical trials with long-term follow up, comparing 
HAARTT regimens which had different effects on anaemia. 

Inhibitor yy quotient 
Intuitively,, one would expect that the plasma levels of a drug need to be above those required to 
inhibitt viral replication, and that drugs with plasma levels several multiples higher than inhibitory 
levelss would provide the most reliable long-term viral suppression. However further analysis of this 
issuee revealed large uncertainties in the components of inhibitory quotient. There is a high variability 
andd lack of standardisation for estimates of inhibitory drug concentrations, trough plasma levels, and 
adjustmentss of these levels for binding of active drug to plasma proteins or intracellular accumulation 
(Montanerr 2001). So given that the inhibitory quotient is a product of three highly variable 
parameters,, it is unlikely that this measure will reliably predict differences in potency between 
treatmentss in the absence of randomised clinical trials. Indeed a prediction was made by Condra and 
colleagues,, from one set of calculated values of inhibitory quotient, that indinavir, boosted by 
ritonavir,ritonavir, would have superior efficacy to saquinavir boosted by ritonavir (Condra 2000). However 
thee 24-week analysis of a randomised head-to-head clinical trial of indinavir/r versus saquinavir/r in 
3066 treated patients showed no significant differences in virological failure between the two treatment 
armss (Dragsted 2001). 

Inhibitoryy quotient is therefore not a reliable surrogate marker, like HIV RNA or CD4, for predicting 
thee relative efficacy of different treatments. There may be a limited benefit of inhibitory quotient for 
assessingg responses to individual treatments, if validated within large clinical trials. 
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CHAPTERR 12 

Summary y 

Thiss thesis is on the usage of surrogate markers in the development of treatments for HIV. Following 
ann introduction to this area of research in Chapter 1 the thesis is divided into four sections: 

1.. Studies of the clinical benefits of antiretr o viral treatment 

Chapterr 2 describes a meta-analysis of clinical endpoints observed in four randomised clinical trials of 
treatmentt with zidovudine-3TC combination treatment versus controlled treatment. These four 
clinicall  trials, in a total of 972 patients, were designed to detect differences in CD4 counts between 
treatmentt arms, but clinical endpoints (AIDS related complex and AIDS and death) were also 
collectedd as adverse events. The justification for combining the trials in the meta-analysis was that the 
trialss were conducted in parallel using very similar trial protocols, the same dosages of zidovudine 
andd 3TC, and collecting clinical endpoints using identical case report forms, which were entered and 
validatedd under blinded conditions. A total of 118 patients progressed to a first new CDC B or C 
(ARCC or AIDS) event during the four trials, with 28 progressing to a first new AIDS event. Meta-
analysiss of the trials showed a 49% reduction in progression to ARC or AIDS across the four trials, 
andd a 66% reduction in progression to AIDS, for patients receiving zidovudine-3TC treatment relative 
too control treatment (zidovudine or zidovudine-zalcitabine). Breslow-Day tests showed no evidence of 
heterogeneityy of this treatment effect across the four clinical trials. Results were similar for treatment 
naivee and nucleoside analogue experienced patients 

Chapterr 3 acts as an additional part of this section, showing evidence of one factor which could 
predisposee patients to different responses to antiretroviral treatment and different rates of progression 
too AIDS/death. Analysis of seven laboratory workers showed that individuals without HIV tend to 
trackk their own individual level of CD4 counts within a restricted part of the normal range of values. 
Thee hypothesis was made that people with lower individual CD4 counts prior to infection with HIV 
mightt then show faster rates of progression to AIDS, post-infection since they would have a smaller 
reservee of CD4 cells to be destroyed during HIV infection. This hypothesis was then tested using data 
fromm a cohort of haemophiliacs at the Royal Free Hospital in London. It this cohort, those with lower 
[extrapolated]]  pre-infection CD4 counts did have faster rates of progression to AIDS or death. 

2.. The effects of antiretrovira l treatment on surrogate markers 

Inn this section, the effects of treatment with 3TC on surrogate markers are examined. 

Chapterr 4 is an analysis of clinical trials of the combination of 3TC and zidovudine. The aim was to 
findfind factors predicting the likelihood of achieving HIV RNA levels under 400 copies/ml during 
treatment.. The trials used for the analysis were 1083 patients from the six double-blind placebo 
controlledd trials of 3TC and zidovudine. Only on treatment data were included in the analysis. 

Thee analysis showed that NRTI pre-treated patients were less likely to show reductions to under 400 
copies/mll  during treatment with 3TC-zidovudine. Multivariate analyses showed no significant effect 
off  age, gender, race, baseline CD4 count or CDC disease stage on the probability of sustained HIV 
RNAA suppression under 400 copies/ml. However the baseline HIV RNA level was highly predictive 
off  long-term HIV RNA suppression. Treatment naive patients with under 5000 HTV RNA copies/ml 
att baseline had a 71% probability of sustained HIV RNA suppression with 3TC-zidovudine treatment, 
whilee those with baseline HIV RNA levels between 50,000 and 200,000 copies/ml had only a 14% 
probability. . 
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3.. Correlation between surrogate markers and clinical benefits of antiretrovira l treatment 

Chapterss 5 to 8 describe levels of evidence which were needed in order to "validate" CD4 count and 
HIVV RNA as surrogate markers of the clinical benefit of antiretrovirals, to the extent that these 
markerss were then adopted by regulatory authorities as a replacement for clinical endpoints in new 
HIVV drug approvals. 

Inn Chapter 5, different surrogate markers were correlated with the progression to AIDS and death for 
thee 104 patients taking part in dose ranging trial of 3TC. Of these 104 patients, 85 had complete data 
forr CD4 counts and HIV RNA levels. After a median follow up time of 713 days, 16 of the 85 
patientss progressed to AIDS. The patients who progressed to AIDS were characterised by a 
combinationn of a CD4 count under 200 copies/ml and a high level of HIV RNA. This HIV RNA was 
measuredd by an in-house HIV RNA PCR assay at the University College London Medical School and 
shouldd not be compared directly with assays currently available. The data suggested that the 
combinationn of CD4 counts and HIV RNA provided a more reliable prediction of progression to 
AIDSS and death than either of the markers used in isolation. 

Inn Chapter 6, data were combined from six randomised clinical trials of 3TC-zidovudine (1488 
patients)) to determine the levels of CD4 count and HIV RNA at which progression to AIDS and death 
wass most likely. The trials included patients with CD4 counts from 25 to 500 CD4 cells/ml at entry. 
Thee likelihood of progression to ADDS or death was correlated with the CD4 counts observed after 8 
too 52 weeks of treatment with either 3TC-zidovudine or NRTI based control treatments. During a 
mediann follow up of 1 year, progression to AIDS was largely restricted to those patients with both 
CD44 counts under 200 cells/mm3 and HIV RNA levels above 5000 copies/ml. The progression rate in 
thiss group was 26%. Those with one of these abnormalities showed lower rates of progression (3.5-
5.1%),, and rates were lowest (0.6%) for patients maintaining CD4 counts above 200 cells/mm3 and 
HIVV RNA levels below 5000 copies/ml. The AIDS defining events occurring for those with HIV 
RNAA levels below 5000 copies/ml were generally atypical (for example immunoblastic lymphoma, 
MycobacteriumMycobacterium tuberculosis). 

Chapterr 7 was a further attempt to calculate the proportion of the clinical benefits of treatment which 
couldd be explained by changes in CD4 count and HIV RNA. In this paper, patients in the CAESAR 
triall  were retrospectively analysed for HIV RNA levels. The retrospective analysis included 487 
patientss with data on CD4 cell count and HTV RNA after 12-20 weeks of treatment with either 3TC-
zidovudinee or control treatment. The correlation between baseline levels of CD4 count, HIV RNA and 
clinicall  progression in the control arm of the trial was used to predict the clinical benefit in the 3TC 
arm,, given the effect of the 3TC arm on CD4 count and HIV RNA. The clinical benefit of treatment 
predictedd was a 59% reduction in progression to AIDS or death, which was close to the actual benefit 
observedd of a 57% reduction in clinical progression. 

Inn Chapter 8 the correspondence between treatment related effects on CD4 counts, HTV RNA levels 
andd clinical progression was assessed with a meta-analysis of data from all publicly available 
randomisedd clinical trials where all three measures had been taken. Randomised trials included those 
evaluatingg NRTI treatment, NNRTI treatment and protease inhibitor treatment. Within each clinical 
trial,, the metric used was the difference between treatment arms in 16 week change in CD4 count and 
logg reduction in HTV RNA, which was correlated with the corresponding difference in progression to 
AIDSS or death between the arms. The results showed that, overall, treatments causing greater rises in 
CD44 counts and larger reductions in HIV RNA levels tended to provide greater clinical benefits. 
Howeverr there was substantial variability in the consistency of this correlation between different trials 
andd treatments. 

4.. The need for  standardisation in the reportin g of measures of antiretrovira l efficacy. 

Chapterr 9 covers the issue of different techniques for analysing HIV RNA reductions in HIV clinical 
trials.. The percentage of patients achieving HIV RNA undetectability has become the primary 
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methodd of evaluating treatment efficacy. Given the large number  of potential combinations of the 
availablee drugs used for  HIV treatment, it would be impossible to compare all potential HAART 
regimenss in randomised clinical trials, and so cross-study comparisons of antiviral efficacy are 
inevitable,, despite their  inherent shortcomings. Using data from clinical trial s AVANT I  2 and 
AVANT II  3, the analysis showed that it is possible to produce a wide variety of estimates of percent 
undetectable,, depending on the set of assumptions used in the analysis. In particular  the choice of 
assayy cut-off for  undetectability (400 versus 50 HIV RNA copies/ml), the method for  classifying 
missingg data and the choice of Intent to Treat versus As Treated analysis can raise or  lower  the 
estimatess of percent undetectable. The paper  concludes that those presenting clinical trial s data on 
HIVV RNA should always include an Intent to Treat analysis of their  results, and should state clearly 
thee assumptions made in the choice of assay cut-off used as well as the handling of missing data, from 
eitherr  loss to follow up, withdrawal for  toxicity or  switches to other  treatments. 

Chapterr  10 covers a similar  issue for  another  emerging measure of treatment efficacy - the "Inhibitor y 
Quotient" .. This is the ratio of plasma drug concentration, divided by the drug concentration required 
too inhibi t viral replication. As with HIV RNA analyses, there are many potential techniques for  the 
definitionn of Inhibitor y Quotient, none of which has emerged as necessarily the most appropriate to 
usee across all antiretrovirals . The plasma drug concentration can be defined as either  the minimum 
concentration,, Area under  the Curve or  maximum concentration, and may be based on measures in 
plasmaa or  within cells. Adjustments for  protein binding can be calculated in different ways and 
inhibitor yy concentrations measured using a variety of cell types and definitions of response. As with 
HIVV RNA undetectability, it is shown that a variety of estimates of the Inhibitor y Quotient can be 
madee for  different treatments depending on the assumptions made, and therefore that randomised 
clinicall  trial s are required to definitively determine the relative antiviral efficacy of HAART 
regimens. . 

Theree is a discussion of the overall results and their  implications in Chapter  11. 
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CHAPTERR 13 

Samenvattingg (Summary in Dutch) 

Inn dit proefschrift wordt het gebruik van surrogaatmarkers bij de ontwikkeling van anti-HIV-
behandelingenn beschreven. Na een introductie over het onderzoek op dit gebied in hoofdstuk 1 is dit 
proefschriftt verdeeld in vier secties: 

1.. Studies naar  de klinische voordelen van de antiretroviral e behandeling 

Inn hoofdstuk 2 wordt een meta-analyse beschreven van klinische eindpunten in vier gerandomiseerde 
klinischee trials waarin behandeling met de combinatie zidovudine-3TC werd vergeleken met een 
controlebehandeling.. Deze vier klinische trials, waar in totaal 972 patiënten in participeerden, waren 
opgezett om verschillen in CD4-cel aantallen tussen de behandelingsarmen op te sporen. Klinische 
eindpuntenn {aids-related complex [ARC], aids en overlijden) werden daarnaast ook verzameld als 
adverseadverse events. De reden waarom de trials in de meta-analyse werden samengevoegd was dat de trials 
parallell  werden uitgevoerd en dat de trialprotocollen in hoge mate vergelijkbaar waren, de doseringen 
zidovudinee en 3TCC hetzelfde waren, en er identieke case report forms werden gebruikt om de 
klinischee eindpunten te verzamelen die vervolgens 'blind' werden ingevoerd en gevalideerd. In totaal 
haddenn 118 patiënten ziekteprogressie naar een eerste nieuw CDC B of C (ARC of aids) event 
gedurendee de vier trials, waarvan 28 patiënten een progressie hadden naar een eerste nieuw aids event. 
Uitt de meta-analyse van de trials bleek er een reductie van 49% in de progressie naar ARC of aids en 
eenn reductie van 66%% in progressie naar aids te zijn in de vier trials voor patiënten die zidovudine-
3TCC kregen in vergelijking met de controlebehandeling (zidovudine of zidovudine-zalcitabine). 
Breslow-Day-testenn lieten geen aanwijzing zien van heterogeniteit van dit behandelingseffect over de 
vierr klinische trials. De resultaten waren vergelijkbaar voor zowel behandelings-naïeve als nucleoside 
analoog-ervarenn patiënten. 

Hoofdstukk 3 is een aanvullend deel van deze sectie. In dit hoofdstuk wordt beschreven dat één factor 
zouu kunnen verklaren waarom patiënten verschillende reacties hebben op antiretrovirale behandeling 
enn een verschillende snelheid hebben van progressie naar aids of overlijden. Analyse van het bloed 
vann 7 laboratorium medewerkers liet zien dat bij mensen zonder HTV-infectie de CD4-cel aantallen 
perr individue zich clusteren binnen een klein deel van de normaal waarden van het CD4-cel aantal. De 
hypothesee werd daarop gemaakt dat mensen met een lager individueel CD4-cel aantal alvorens met 
HIVV geïnfecteerd te zijn een snellere progressie naar aids zouden kunnen laten zien na hun infectie, 
aangezienn ze dan een kleinere reserve van CD4-cellen zouden hebben dat tijdens hun HTV-infectie 
vernietigdd zou kunnen worden. Deze hypothese werd vervolgens getest met gebruik van gegevens uit 
eenn cohort van hemofiliepatiënten in het Royal Free Hospital in London. In dit cohortt hadden 
diegenenn met een lager [geëxtrapoleerd] CD4-cel aantal voor de HTV-infectie een snellere progressie 
naarr aids en overlijden. 

2.. De effecten van antiretroviral e behandeling op surrogaatmarkers 

Inn dit deel van het proefschrift worden de effecten van behandeling met 3TC op de surrogaatmarkers 
onderzocht. . 

Hoofdstukk 4 beschrijft een analyse van klinische trials met de combinatie 3TC en zidovudine. Doel 
wass factoren te vinden die voorspellend waren voor de waarschijnlijkheid van het bereiken van HIV 
RNA-spiegelss van minder dan 400 kopieën/ml gedurende de behandeling. Er werden voor de analyse 
gegevenss gebruikt van 1083 patiënten uit zes dubbelblinde, placebo-gecontrolleerde trials met 3TC en 
zidovudine.. Alleen de 'on treatment' gegevens werden in de analyse gebruikt. 
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Uitt de analyse bleek dat patiënten die vooraf behandeld waren met nRTIs een minder grote kans 
haddenn opp een HTV RNA-reductie naar minder dan 400 kopieën/ml tijdens de behandeling met 3TC-
zidovudine.. Multivariate analyses lietenn geen significant effect zien van leeftijd, geslacht, ras, 
baselinee CD4-celaantal of CDC klasse op de waarschijnlijkheid van een aangehouden suppressie van 
HTVV RNA beneden de 400 kopieën/ml. De baseline HIV RNA-spiegel was echter zeer voorspellend 
voorr langetermijnonderdrukking van het HTV RNA. Naïeve patiënten met minder dan 5000 HIV RNA 
kopieën/mll  bij baseline hadden een kans van 71% op aanhoudende HTV RNA-onderdrukking met 
3TC-zidovudine,, terwijl patiënten met baseline HTV RNA-spiegels tussen de 50.000 en 200.000 
kopieën/mll  slechts een kans van 14% hierop hadden. 

3.. Correlatie tussen surrogaatmarkers en klinisch voordeel van de antiretroviral e behandeling 

Hoofdstukk 5 tot en met 8 beschrijven de bewijsvoering die nodig was om het CD4-celaantal en HTV 
RNAA te "valideren" als surrogaatmarkers van het klinisch voordeel van antiretrovirale middelen, voor 
zoverr die markers vervolgens waren aangenomen door de bevoegde autoriteiten als vervanging van de 
goedkeuringg van nieuwe HTV-medicatie op basis van klinische eindpunten. 

Inn Hoofdstuk 5 werden verschillende surrogaatmarkers gecorreleerd met progressie naar aids en 
overlijdenn voor de 104 patiënten die deelnamen aan de 3TC dose-ranging trial. Van 85 van deze 104 
patiëntenn waren alle gegevens betreffende CD4-cel aantal en HTV RNA-spiegels aanwezig. Na een 
medianee follow-up van 713 dagen hadden 16 van de 85 patiënten een ziekteprogressie naar aids. De 
patiëntenn die aids kregen hadden een CD4-celaantal van minder dan 200 cellen/mm3 en hoge HIV 
RNAA concentraties. HIV RNA werd gemeten met een in-house HTV RNA PCR assay in het 
Universityy College London Medical School; deze assay is niet direct vergelijkbaar met de huidige 
beschikbaree assays. De data suggereerden dat de combinatie CD4-cel aantal en HTV RNA een 
betrouwbaarderr voorspelling leverden voor de progressie naar aids en overlijden dan elk van beide 
markerss afzonderlijk. 

Inn Hoofdstuk 6 werden data uit zes gerandomiseerde klinische trials met 3TC-zidovudine (1488 
patiënten)) gecombineerd om de CD4- en HIV RNA-waardes te bepalen waarbij progressie naar aids 
enn overlijden het meest waarschijnlijk was. In deze trials waren patiënten geïncludeerd met CD4-cel 
aantallenn tussen de 25 en 500 cellen/mm3 bij de start. De waarschijnlijkheid van progressie naar aids 
off  overlijden was gecorreleerd met het CD4-cel aantal dat na 8 tot 52 weken behandeling met 3TC-
zidovudinee of een van de controlebehandelingen met als basis een nRTI werd gezien. Gedurende een 
medianee follow-up van 1 jaar bleek progressie naar aids grotendeels beperkt te zijn tot die patiënten 
diee zowel een CD4-cel aantal hadden van minder dan 200 cellen/mm3 als een HIV RNA-spiegel van 
meerr dan 5000 kopieën/ml. Zesentwintig procent van de patiënten in deze groep hadden een 
ziekteprogressie.. Diegenen die één van deze afwijkende waarden hadden, lieten een lagere mate van 
progressiee zien (3.5-5.1%). Patiënten die een CD4-cel aantal van meer dan 200 cellen/mm3 en een 
HTVV RNA-spiegel van minder dan 5000 kopieën/ml melden, lieten de laagste mate van progressie 
zienn (0.6%). De aids-defïniërende aandoeningen die zich manifesteerden in patiënten met HTV RNA-
spiegelss van minder dan 5000 kopieën/ml waren over het algemeen atypisch (bijvoorbeeld 
immunoblastairr lymfoom, Mycobacterium tuberculosis). 

Inn Hoofdstuk 7 wordt opnieuw een poging gedaan om het klinisch voordeel, verklaard door middel 
vann veranderingen in CD4-cel aantal en HIV RNA, van de behandeling te berekenen. In dit artikel 
werdenn de gegevens van patiënten uit de CAESAR-trial retrospectief geanalyseerd op HIV RNA-
spiegels.. In deze retrospectieve analyse werden gegevens over CD4-cel aantal en HIV RNA na 12-20 
wekenn behandeling met 3TC-zidovudine of een controlebehandeling gebruikt van 487 patiënten. De 
correlatiee tussen CD4- en HTV RNA-baselinewaarden en klinische progressie in de controlearm van 
dee studie werd gebruikt om het klinisch voordeel in de 3TC-arm te voorspellen, gegeven het effect 
vann de 3TC-arm op CD4-cel aantal en HIV RNA. Het voorspelde klinisch voordeel van behandeling 
wass een reductie van 59% in progressie naar aids of overlijden. Dit percentage kwam dichtbij het 
werkelijkee voordeel van 57% reductie in klinische progressie. 
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Inn Hoofdstuk 8 wordt de overeenkomst tussen behandelings-gerelateerde effecten op CD4-cel aantal, 
HIVV RNA-spiegels en klinische progressie bepaald door middel van een meta-analyse van gegevens 
uitt alle publiekelijk beschikbare gerandomiseerde klinische trials waarin deze drie metingen waren 
verricht.. Onder deze gerandomiseerde trials waren trials waarin nRTI-behandeling, NNRT1-
behandelingg en proteaseremmerbehandeling werd geëvalueerd. Binnen elke klinische trial werd als 
meeteenheidd het verschil tussen de behandelingsarmen in verandering na 16 weken in CD4-cel aantal 
enn log-reductie in HIV RNA genomen, wat gecorreleerd was met het corresponderende verschil in 
progressiee naar aids of overlijdenn tussen de behandelingsarmen. De resultaten lieten zien dat over het 
geheell  genomen behandelingen die grotere toenamen in CD4-cel aantal veroorzaakten en grotere 
afnamenn in HIV RNA-spiegels meestal een groter klinisch voordeel gaven. Er was echter een 
aanzienlijkee variabiliteit in de consistentie van deze correlatie tussen de verschillende trials en 
behandelingen. . 

4.. Noodzaak voor  standaardisatiee in het rapporteren van antiretroviral e effectiviteitsmetingen 

Hoofdstukk 9 behandelt de verschillende technieken voor het analyseren van verlagingen in HIV RNA 
inn klinische HIV-trials. De meest gebruikelijke manier om de effectiviteit van de behandeling te 
evaluerenn is het bepalen van het percentage patiënten dat ondetecteerbare HIV RNA concentraties 
bereikt.. Omdat het aantal mogelijke combinaties van de beschikbare medicijnen voor de behandeling 
vann HIV zo groot is, is het onmogelijk om alle mogelijke HAART-regiems te vergelijken binnen 
gerandomiseerdee klinische trials. Cross-study vergelijkingen naar antivirale effectiviteit zijn daarom 
onverrnijdelijk,, ondanks de inherente tekortkomingen. Met gebruik van data uit de klinische trials 
AVANTI 22 en AVANTI 3 liet de analyse zien dat het mogelijk is om een grote verscheidenheid aan 
schattingenn naar het percentage ondetecteerbaar te produceren, afhankelijk van uitgangspunten die in 
dee analyse werden gebruikt. Met name de assay die gekozen was om de cut-off te bepalen voor 
ondetecteerbaarheidd (400 versus 50 HIV RNA kopieën/ml), de methode die gebruikt was om missing 
datadata te classificeren, en de keuze die gemaakt was tussen Intent-to-Treat versus As-Treated analyse, 
kondenn de schattingen naar het percentage ondetecteerbaar vergroten of verkleinen. Conclusie van 
hett artikel was dat bij het presenteren van gegevens betreffende HTV RNA uit klinische trials altijd 
eenn Intent-to-Treat analyse van de resultaten gedaan moet zijn en dat er duidelijk gemeld moet 
wordenn welke uitgangspunten er waren gebruikt bij de keuze van de assay cut-off plus hoe missing 
datadata waren behandeld, zowel betreffende lost tofollow-up, terugtrekken uit de studie wegens 
toxiciteit,, of switches naar andere behandelingen. 

Inn Hoofdstuk 10 wordt een soortgelijk onderwerp behandeld betreffende een andere meting van 
behandelingseffectiviteitt - de "Inhibitory Quotient". Deze geeft de plasma-drug concentratie weer, 
gedeeldd door de medicatie-concentratie die vereist is om de virale replicatie te remmen. Net als bij de 
HIVV RNA-analyses zijn er veel potentiële manieren om de Inhibitory Quotient te definiëren. Geen 
daarvann is naar voren gekomen als de duidelijk meest geschikte voor toepassing bij alle antiretrovirale 
middelen.. De plasma-drug-concentratie kan gedefinieerd worden als de minimumconcentratie, de 
Area-under-the-Curve,, of de maximumconcentratie, en kan gebaseerd zijn op metingen in plasma of 
inn cellen. Aanpassingen voor plasma eiwit-binding kunnen op verschillende manieren berekend 
wordenn en inhibitory concentraties kunnen gemeten worden middels een variëteit aan cell types en 
responsdefinities.. Net als bij HIV RNA-ondetecteerbaarheid blijkt dat er verschillende schattingen 
vann de Inhibitory Quotient kunnen worden gemaakt voor de verschillende behandelingen, afhankelijk 
vann de gemaakte veronderstellingen, en derhalve dat gerandomiseerde klinische trials nodig zijn om 
hett relatieve antivirale effect van HAART-regiems definitief te bepalen. 

Hoofdstukk 11 betreft een discussie over alle resultaten en hun implicaties. 
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