
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

The use of surrogate markers in the antiretroviral treatment of HIV-1 infection

Hill, A.M.

Publication date
2003

Link to publication

Citation for published version (APA):
Hill, A. M. (2003). The use of surrogate markers in the antiretroviral treatment of HIV-1
infection. [Thesis, externally prepared, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/the-use-of-surrogate-markers-in-the-antiretroviral-treatment-of-hiv1-infection(a6a92196-a5da-4eab-916e-4ecb636938de).html


CHAPTERR 1 

Introduction n 

5 5 



6 6 



CHAPTERR 1 

Introduction 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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