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ABSTRACT

The aim of this thesis is to present analyses related to the effect of Highly Active 

Antiretroviral Therapy (HAART) on the natural history of HIV disease after its 

introduction in the mid- to late- 1990s. Analyses have been carried out predominantly 

on two large observational studies, the Italian Cohort of patients Naïve from 

Antiretrovirals (I.Co.N.A.) and the UNI-clinic of Frankfurt. Several possible ways of 

defining virological outcomes have been described. Particular importance has been 

placed on the analytical problems encountered with missing viral load data. A specific 

approach modelling the time to therapeutic failure was compared with other commonly 

used approaches and its advantages and disadvantages have been discussed. A 

number of these methods were then used to focus on several HAART-related issues. 

The virological and immunological response to HAART was evaluated in the two 

cohorts, a general description of these responses was given and relevant predictors 

were identified. More specific analyses have been carried out to describe the 

limitations of HAART due to toxicity, to describe the prognostic value of viral load 

measured at 4 and 8 weeks after starting HAART in predicting the week 24 virological 

response, and to investigate the prevalence of drug-resistance and its role in predicting 

virological failure. In addition, analyses have been carried out to describe the 

frequency and predictive value of low level viral rebounds, to investigate the best time 

to start HAART, and to compare specific drug regimens. Methodologically, this thesis 

demonstrates the flexibility and usefulness of survival analysis when used in the 

context of a “time to therapy failure” approach. All the analyses presented emphasise 

the value of observational studies in providing data that have important implications in 

clinical practice and for the treatment of people infected with HIV.
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CHAPTER 1: GENERAL INTRODUCTION

1.1 The Natural Course of HIV Disease
Since the report of the first case of Acquired Immune Deficiency Syndrome (AIDS) in 

1981 understanding of the origin and pathogenesis of HIV disease has advanced 

substantially. It has been established that HIV infection initiates a process that leads to 

progressive destruction of the population of CD4 T lymphocytes that are fundamental 

for maintaining an effective immune response. The finding that CD4 lymphocyte cell 

numbers decline during HIV infection has been described frequently using data from 

cohort studies of HIV infected individuals HIV mainly uses CD4 T lymphocytes to 

replicate and, as a result, these cells subsequently die or are removed. However, the 

exact method by which CD4 cell depletion occurs is poorly understood. Mechanisms 

proposed to explain the HIV-mediated depletion of CD4 T cells include the destruction 

of mature effector T cells and a reduced ability of the body to replace these cells from 

immature progenitors^

In the mid-1990's new sensitive assays, able to measure concentrations of plasma HIV 

RNA (viral load) directly from a sample of plasma of an HIV-infected individual, were 

introduced and are now widely used in clinical practice. Thus, by monitoring patients 

with known dates of HIV seroconversion it became possible to describe the natural 

course of HIV disease by plotting the values of HIV RNA and CD4 lymphocyte count 

from the time of seroconversion to the time of AIDS diagnosis or death '̂^. The first 

study of the pattern of viral load over the course of infection was reported by Henrard 

and colleagues and showed that viral load levels were stable over time with only 14% 

of patients experiencing an increase by 10-fold or more over a maximum of 11 years of 

follow-up^. A study of HIV-infected haemophilic men with known dates of 

seroconversion, whose viral load has been measured approximately every year using 

stored serum, showed that the concentration of plasma gradually increases with time 

after the date of seroconversion^. This has been confirmed by other studies which 

have included patients infected by sexual intercourse or through injecting drug use 

which have shown a moderate, gradual increase in viral load over the course of 

infection, even in patients showing clinical progression"^. This is also in general 

agreement with the most often presented schematic view of the natural course of HIV 

disease (Figure 1.1.1). In general, there is little evidence to support the increase in viral 

load in the three years preceding AIDS as hypothesised in this diagram.
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Figure 1.1.1 Scheme of the natural course of HIV disease 
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Seroconversion 
Infection Death

Symptom less Symptomatic AIDS ii

Q. CD4 T cells500-

Antibodies to HIV env

HIV-specific CTL

Plasma RNA copies 

Antibodies to HIV p24

4 -8  weeks -1 0 -1 2  years 2-3  years

<
z
cc

g ai 8C
CL

Mean time

Although, only sparse data are available around the time of HIV seroconversion, it is 

now established that during primary HIV infection plasma HIV RNA concentrations can 

reach levels as high as 10 million copies/mL®. Shortly after this peak, the viral load 

precipitously declines (by two or three logio copies/mL or more) and, after a period of 

fluctuation, appears to stabilise at a so called “set-point” ’̂̂ ®’^̂ . A sudden decline in CD4 

count has also been observed concomitant with this peak in viral load̂ ®. In some 

patients typical symptoms of HIV seroconversion can also be observed (symptomatic 

primary in fect ion)The reasons for the viral load decline from the peak of primary 

infection to the natural set point are not totally understood. One possible explanation is 

that the viral load concentration is a function of the number of susceptible target CD4 

cells. Thus, viral load rises when there are sufficient numbers of CD4 cells to be 

infected and sharply declines following the exhaustion of these cellŝ ®’̂ ®. Alternatively, 

a delay in the development of a countervailing host immune response has also often 

been advocated for this sudden drop in viral load levels®’ ®̂’^^ Normal CD4 counts in 

HIV-negative individuals range from 500 to 1200 cells/pP®. The inverse relationship 

between viral load and CD4 count in untreated HIV-infected individuals has been
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documented many times in cross-sectional studies at the time of HIV seroconversion 

or at later stages of the infection (Figure 1.2.1).

Figure 1.2.1

Scatter-plot with regression line of HIV RNA level against CD4 lymphocyte count in a 

group of untreated HIV-infected individuals.
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It has now been acknowledged that the steady-state of viral load concentration does 

not imply that the disease is dormant but indicates that the number of HIV virions being 

removed in a given period of time equals the number of virions being produced 

(collectively referred to as virus turnover). Also, as previously mentioned, there is 

recent evidence that the level of this dynamic equilibrium does not remain constant but 

may gradually rise with time since primary HIV infection^' ’̂̂ V There is general 

agreement that, in absence of antiretroviral treatment, plasma HIV RNA concentrations 

increase very gradually over time and, concomitantly, CD4 counts decrease to a very 

low level which generally heralds the development of AIDS^^^ .̂ For HIV-infected 

adults, the median time to development of AIDS after HIV seroconversion is about 10- 

11 years in the absence of antiretroviral therapy or with nucleoside reverse 

transcriptase inhibitors mono therapy (e.g. zidovudine)^®’ ®̂. The estimate of the median
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HIV latency period in a cohort of haemophilic patients was even longer (-12-13 

years)^®. Although the rate of CD4 decline can vary greatly between individuals, it 

tends to be gradual over the course of the infection and there is evidence that the rate 

of decline is actually lower at more advanced stages of the disease rather than more 

rapid as had been suggested previously®®’®̂

1.2 Principles of HIV pathogenesis
1.2.1 Risk factors for HIV progression

The time from HIV seroconversion to development of AIDS varies greatly between 

patients. In the absence of treatment, some individuals develop AIDS within 5 years 

after infection (-20%) while less than 5% of individuals have sustained long term (>10 

years) asymptomatic HIV infection without a significant decline in CD4 count or clinical 

progression®. Analyses of data from cohort studies of HIV-infected patients with known 

dates of seroconversion have helped to explain part of this variability by identifying co

factors of HIV progression.

Age at seroconversion
It is well established that age at the time of seroconversion predicts HIV disease 

progression, with patients infected at older ages progressing faster to AIDS and death 

than those who acquired the infection when they were younger®̂ ®®. One possible 

explanation for this finding is that young individuals can better resist or repair the 

damage caused by HIV because the regenerative capacity of the immune system (e.g. 

production of CD4 naïve cells) is superior.

HIV strains
Non-syncytium inducing (MSI) strains of HIV are the most commonly sexually 

transmitted form of the virus. However, as HIV disease progresses, synctium inducing 

(SI) strains of the virus may become more prevalent in an individual®®. It is unclear why 

the virus converts from an MSI to a SI strain in some people® .̂ However, the SI strain 

of HIV is more aggressive and its prevalence correlates with more rapid disease 

progression®®" .̂ T-cells are the target cell preference for SI strains of HIV®.

Genetic factors
Numerous reports have identified a role of HLA genotype in HIV progression, 

implicating many HLA alleles in various aspects of HIV disease'*^The HLA class I 

genes contribute to initiate a cytotoxic T cell response while HLA class II genes have a 

role in regulating cytokine production and T cell help in antibody production®®.
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Epidemiological associations between HIV progression and class I loci are stronger 

than those found for class II loci. Specifically, HLA-B*27 and HLA-B*^57 have been 

consistently linked with a delay In HIV progression'*®'^®, while HLA-B*^35 was shown be 

associated with faster progression to AIDS'*̂ ''*®. The mechanism responsible for this 

protective effect remains unclear; It may Include the ability to recruit more protective 

epitopes or the fact that these alleles may Influence the rate of virus escape to CTL 

response. Also slower HIV progression has been observed In patients who are 

heterozygous at the HLA class-B and -0 loci, possibly due to the fact that virus escape 

Is slower If there Is large diversity In the repertoire of antigen-presenting molecules'**. 

Additional cell surface molecules, that normally function as receptors for chemoklnes, 

have lately been Identified as essential co-receptors required for the process of HIV 

entry Into CD4 cells. CCR5 and CCR4 (or CXGR4) are the major co-receptors used by 

HIV strains. For the vast majority of viral strains, CCR5 or CCR4 or both support virus 

entry more efficiently that any of the other coreceptors, such as CCR2, CCR3 and 

CCR8 ®*. NSI HIV variants can Infect both primary T cells and macrophages using the 

OCRS receptor that binds the chemoklnes MIP-1a, MIP-1p and RANTES. A 32-base 

pair deletion allele (A32) has been Identified for the OCRS receptor and patients who 

are heterozygous for this deletion (+/A32) have been shown to be at reduced risk of 

disease progression compared to patients who do not posses the deletion®̂ '®®. The 

gene that codes for the CCR2 receptor has a variant allele (CCR2-64I) that may affect 

the risk of AIDS®® ®̂. Stromal cell-derived factor-1 (SDF-1) Is the chemoklne ligand of 

CCR4 and homozygosity for the SDF-1 3A’ allele has been reported to slow disease 

progression®®, but not In all studies'*®’®®"®®. A recent meta-analysis of 19 studies found 

that both the CCR5-A32 and the CCR2-64I alleles had a significant protective effect 

against the development of AIDS or death but SDF-1 homozygosity carried no such 

protection®'*. The OCRS ligands, MIP-1a, MIP-lp and RANTES, have also been shown 

to slow HIV progression, possibly altering the expression of OCRS receptors and so 

Inhibiting HIV replication®®'®̂ . However, none of these effects was very large.

Finally, a faster rate of HIV progression has been associated with high levels of 

Immuno-actlvatlon®®'^  ̂and with the presence of symptomatic primary HIV Infection*'*’̂ ®.
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1.2.2 Markers of HIV progression

Markers of HIV progression are here distinguished from other risk factors for HIV- 

progression as while factors such as age and genetic markers are fixed and may have 

a direct effect on HIV progression, changes in these other markers are a consequence 

of HIV progression.

In untreated populations, the most recent CD4 count (i.e. the absolute number of 

circulating CD4 cells) and the slope of CD4 decline are powerful predictors of the risks 

of AIDS and death. From fitting a Cox proportional hazards model, using data from 

patients enrolled in the Italian Seroconversion Study cohort, it was estimated that the 

hazard of developing AIDS increased by 80% for every 100 cells/pil decrease in the 

most recent CD4 count '̂ .̂ It is important to bear this estimate in mind when assessing 

the risk of AIDS after starting therapy according to levels of CD4 count restored by 

potent antiretroviral treatment^®. However, the large variability in the rates of CD4 

decline between individuals and the substantial biological and measurement variation 

of the CD4 count̂ ®"̂ ®, limit the predictive value of a single determination, especially 

when trying to predict over a long period.

Results from cohort studies have shown that a single post-seroconversion HIV RNA 

measurement is strongly associated with disease progression^®’^ a l t h o u g h  plasma 

HIV RNA concentrations may be an imperfect predictor of disease progression at later 

stages of the disease^®’®̂’®̂. As a result of these findings, the routine use of both the 

viral load and CD4 cell counts in the clinical care of HIV-infected patients has been 

advocated®®. Indeed, in patients not receiving treatment, the combination of plasma 

HIV RNA concentrations and CD4 counts refines the precision with which both short

term and long-term risks of disease progression can be assessed in individual 

patientŝ ®'®̂ . This picture has been slightly revised in more recent years in groups of 

patients who may be receiving potent antiretroviral treatment. Indeed, for patients on 

therapy the prognostic value of CD4 count for predicting clinical events has been 

shown to be higher than that of viral load®®. Furthermore, for a given level of CD4 count 

and viral load, treated patients also appear to be at a lower risk of clinical progression 

than untreated patients®®’®̂. These findings suggest that potent antiretroviral treatment 

confers a protection against clinical progression which is over and above that acquired 

by lowering the viral load and increasing the CD4 count®®.

1.2.3 Factors not associated with HIV progression

The relationship between other factors such as gender, mode of HIV transmission, 

ethnic origin, calendar year of infection, and HIV subtype and HIV progression have
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been also investigated but all these variables have failed to show a consistent 

association with the rate of HIV disease progression®®’®®'®®.

1.3 Antiretroviral agents for HIV
The natural history of HIV disease was profoundly changed with the introduction of 

potent antiretroviral therapy in 1996. The antiretroviral drugs responsible for this 

change and which are currently available in clinical practice are now described (Table 

1.3.1).

1.3.1 Nucleoside analogues (NRTI)

Nucleoside reverse transcriptase inhibitors (NRTI) were the first class of antiretroviral 

drugs shown to be effective against HIV. Before being used to treat HIV infection they 

had already been used as polymerase inhibitors to treat malignancies and herpes virus 

infections®®. They act by incorporating themselves into the RNA of the virus during the 

reverse transcription (RT) process. In order to do this they need to be phosphorylated 

to their respective triphosphate form by cellular enzymes in the target cells®̂ . The 

nucleoside analogues currently licensed are didanosine (ddl), lamivudine (3TC), 

stavudine (D4T), zalcitabine (ddC), zidovudine (AZT), and abacavir. Abacavir is the 

most recently approved nucleoside analogue (March 1999 in Europe)®®.
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Table 1.3.1 Summary of drug developments and characteristics
Generic name Trade name FDA Usuai daiiy dosing Speciai considerations Common side-effects

approvai
Nucieoside Reverse Transcriptase inhibitors (NRTi)

Zidovudine (ZDV) Retrovir® 1986 1x250 mg capsule BID Broad range of dosages Nausea, vomiting
Didanosine (ddi) VIdex® 1991 2x100 mg tablets BID Take on empty stomach Bloating, diarrhoea
Zaicitabine (ddC) HIvid® 1992 1x0.75 mg tablet TID Do not take with ddl Nausea, vomiting
Stavudine (d4T) Zerit® 1994 1x40 mg capsule BID Take 1 hour before food Mouth ulcers, diarrhoea
Lamivudine (3TC) Epivir® 1995 1x150 mg tablet BID Preferably without food Headaches, tiredness
Abacavir (1592U89) Ziagen™ 1998 1x300 mg tablet BID No diet restriction Hypersensitivity
ZDV+3TC Combivir 2000 1x(300+150) mg tablet BID No diet restriction Same as single drugs
ZDV+3TC+Abacavir Trizivir̂ "̂ 2000 1x(300+150+300) mg tablet

D i n
No diet restriction Same as single drugs

Nucieotide Reverse Transcriptase inhibitors (NtRTi)
Tencfovir(Bis-POC PM PA) Viread 2001 300 mg OD No diet restrictions Low level OK elevation

Non-nucieoside Reverse Transcriptase inhibitors (NNRTi)
Nevirapine (Bi-RG-587) Viramune® 1996 1x200 mg tablet BID Lead-in dosing<14wks Rash, fatigue
Deiavirdine (U-0152) Rescriptor® 1997 4x100 mg tablets TID 1 hour apart form ddl Skin rash, fever
Efavirenz (DMP-266) Sustiva *̂^ 1998 3x200 mg capsules OD Avoid high fat meals Rash, dizziness

Protease inhibitors (Pi)
Saquinavir (RO-31-8959) invirase® 1995 3x200 mg capsules TID Take within 2 hours of full Diarrhoea, abdominal pain

Fortovase® 1997 6x200 mg capsules TID meal
Ritonavir (ABT-538) Norvir® 1996 6x100 mg capsules TID Take with meals Diarrhoea, stomach pain
indinavir (MK-639) Crixivan® 1996 2x400 mg capsules TID Take on empty stomach Kidney stones, dry lips
Nelfinavir (AG-1343) Viracept® 1997 3x250 mg tablets TID Take with snack / meal Diarrhoea, abdominal pain
Amprenavir (141W94) Agenerase® 1999 8x150 mg capsules BID Avoid high fat meals Headache, nausea
ABT-378/r (Lopinavir/RTV) Kaietra® 2000 3x133 mg capsules BID No restrictions Mild Gl side effects
Atazanavir (BMS-232632) - Expanded 1X400 capsules OD No restrictions Bilirubin elevation

Access
Fusion inhibitors

T-20 Expanded Self-subcutaneous injection Adverse reaction around Diarrhoea, nausea
Access OD the injection site

OD=once daily BID=two times a day, TID=three times a day, QD=four times a day



1.3.2 Protease inhibitors (PI)

Protease inhibitors (PI) have an impact on the last stage of the virus reproduction 

cycie. By resembling pieces of the protein chain that the viral enzyme protease 

generally cuts, they prevent protease from cutting long chains of proteins and enzymes 

into the shorter pieces that HiV needs to make new copies of itseif. in the presence of 

PI new copies of HIV are still made but these virions are not replication-competent so 

that cannot infect other celis®®. This is a relativeiy recent ciass of antiretroviral drug, 

and their introduction coincided with the use of regimens containing three or more 

drugs that has dramaticaily changed the natural course of HIV disease by producing 

substantiai decreases of HIV RNA levels in p l a s m a ^ T h e  currently licensed Pi are 

indinavir, neifinavir mesyiate, ritonavir, saquinavir mesylate (hard gel and soft gel 

formulations), amprenavir and, iateiy, iopinavir+ritonavir which is produced in the form 

of kaietra. Each pill of kaietra contains 133 mg of the new compound iopinavir and 33 

mg of ritonavir. Many clinicians currently use Pis in combination with a small dose of 

ritonavir as this, when used in combination with another PI, provides a pharmacokinetic 

boosting effect by raising the trough levels or by extending the half-iife of the other 

Pf°®. Thus, this may improve the potency of the regimen and may be associated with 

a reduced risk of resistance development. These ritonavir-boosted regimens generally 

also avoid food restrictions and can be taken twice daily rather than three times a day 

as most of the singie-Pi regimens.

1.3.3 Non-nucieoside reverse transcriptase inhibitors (NNRTI)

Non-nucleoside reverse transcriptase inhibitors (NNRTI) are also potent inhibitors of 

RT. They stop HIV replication by binding directly on the HIV reverse transcriptase 

enzyme, preventing the conversion of RNA into DNÂ °"̂ . Thus, even though they work 

at the same stage as NRTIs, they act in a different way. Nevirapine and efavirenz are 

the only two drugs of this class to be licensed in Europe. Efavirenz (DMP-266) is the 

most recent NNRTI which has shown a very strong antiviral effect in combinations with 

two NRTI (licensed in US and Europe in 1998) °̂®’ °̂®. There is some evidence from 

non-randomised studies that the underlying efficacy of nevirapine is inferior to that of 

efavirenz^°^‘^̂ °. The non-nucieoside ioviride had been used in clinical practice for a 

limited period of time before results from clinical trials showed its lack of efficacy in 

combination antiretroviral therapy^ Deiavirdine mesyiate was widely used in clinical 

practice before December 1999 when the European pharmaceutical licensing 

authority's scientific advisory board rejected licensing applications for this drug. 

Pharmacia & Upjohn, the pharmaceutical company that produces this compound, was
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unable to prove that deiavirdine offers any added benefits compared with the other 

licensed NNRTIs in terms of side effect profile, efficacy or dosing schedule.

1.3.4 Nucleotide analogues (NtRTI)

These drugs have the same mode of action as nucleoside reverse transcriptase 

inhibitors but they differ in that they are already monophosphorylated and therefore 

they require fewer metabolic steps to incorporate themselves into the DNA of HIV^^ .̂ 

Adefovir (bis-POM-PMEA) and tenofovir (bis-POC PMPA) belong to this class of drugs. 

In November 1999 the Food and Drug Administration (FDA) Antiviral Advisory 

Committee voted against accelerated approval of adefovir which was subsequently 

withdrawn because it appeared to have modest antiviral benefit with the risk of serious 

kidney toxicity after long-term use. Currently, adefovir is recommended for the 

treatment of hepatitis B virus (HBV) infection but not for HIV. In contrast, tenofovir has 

shown very promising results in clinical trials when administered as mono-therapy and 

was recently (October 2001) licensed by the FDA for the treatment of HIV-infection in 

treatment-experienced patients^ ̂

1.3.5 Fusion inhibitors

HIV fuses with CD4 lymphocyte cells, losing its protective shell, and allowing its 

genetic material to be absorbed into the cell. Fusion inhibitors are the most recent 

development in antiretroviral therapy and interfere with the proteins on the outer 

surface of HIV (gp-41 or gp-120) which are required for HIV to attach itself to the CD4 

cell. T-20 is a 36 amino acid synthetic peptide which inhibits gp-141-mediated 

membrane fusion. This drug is not yet commonly used in clinical practice and can be 

currently accessed only by participation in clinical trials^

1.4 Treatment approaches
1.4.1 Mono antiretroviral therapv

In 1987 the result of a trial conducted in the USA by the AZT Collaborative Group in 

282 symptomatic individuals, which compared the 4 month survival rate of patients 

treated with zidovudine (AZT) to those receiving placebo were publ ished^The 

mortality rate in the placebo arm was significantly higher than that observed in the AZT 

arm. Thus, the principle established was that antiretroviral therapy with AZT could 

prolong life and AZT was approved for use in patients with symptomatic HIV infection 

in March 1987. Consequently, AZT was widely used in HIV-infected individuals in US 

and Europe starting from 1990. In 1994, another trial which considered the endpoints 

AIDS and death and was conducted in the USA on 1,338 asymptomatic patients found
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a higher mortality rate in individuals receiving placebo compared to those receiving 

AZT^^ .̂ However, soon after the publication of the results of this trial, it was clear that 

the benefits of this drug when used alone were small and short lasting. When ddl was 

used as mono-therapy, no difference in survival was found in patients who continued 

zidovudine mono-therapy or were switched to ddl mono-therapy^^®. In contrast switch 

from zidovudine mono-therapy to ddl or d4T monotherapy appeared to be beneficial in 

some s tu d ie s ^ L a m iv u d in e  mono therapy, on average, appeared to be able to 

reduce viral load by 1.2 logio copies/mL at 24 weeks after starting the ra p y ^ In  

general, it is estimated that NRTI mono-therapy can reduce viral load by 0.5 logio 

copies/mL for six months and by 0.3 logioCopies/mL for a further six months^

1.4.2 Dual antiretroviral therapv

Dual NRTI therapy had been widely used in the USA and Europe in the period 

preceding the introduction of Pis (1992-1996). However, it was not until September 

1995 that the results of several large trials were published showing extended survival 

and delayed HIV progression in patients initiating treatment with combinations of AZT 

plus ddl or ddC compared with those initiating AZT alonê ^̂ '̂ ®°. The effect of dual NRTI 

therapy on viral replication is larger than that of mono-therapy in that, roughly, it 

reduces viral load by 0.6 to 1.2 logio copies/mL for six months and by 0.5 logio 

copies/mL for a further six months, depending on the combination used̂ ®̂ '̂ ®̂ .

1.4.3 Highly Active Anti-Retroviral Treatment (HAART)

The term Highly Active Anti-retroviral Treatment (HAART) was initially given to a drug 

combination including two or more NRTIs in combination with one PI. More recently 

other combinations, such as those including two or more NRTIs and one NNRTI, or 

three NRTIs (one often being abacavir), or, in general, any combination including at 

least three antiretroviral drugs belonging to two or more of the classes described 

above, are also often described as HAART. Currently in the UK several regimens are 

recommended as initial HAART in chronically infected individuals: 2NRTIs + PI, 

2NRTIS + 2Pls (ritonavir-boosted PI regimens), 2NRTIs+NNRTI, and finally three 

NRTIŝ ®®. Each of these regimes have advantages and disadvantages in terms of 

potency, adherence, toxicity, and potential drug to drug interactions. Also, the extent to 

which failure of these regimens restricts future options (i.e. the salvageability of the 

regimen) varies from regimen to regimen. In brief, there is evidence that PI- containing 

HAART is effective in late stage disease and these regimens have been evaluated 

using clinical endpoints^°^’̂ ®®. On the other hand. Pi-containing HAART may cause 

severe toxicity and is generally associated with a high pill burden̂ ®̂ '̂ ®®. In contrast.
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ritonavir-boosted PI regimens have enhanced pharmacokinetic properties, are 

potentially easier to take given the smaller number of pills (see Table 1.3.1) but they 

are also potentially more toxic^"". Efavirenz-containing regimens have been shown to 

have equivalent or superior efficacy to indinavir-containing regimens in trials using 

surrogate marker endpoints and are also associated with better adherence^ 

Currently, no randomised clinical trials that have considered clinical endpoints exist 

and have shown a benefit of these therapies. There is emerging evidence that viral 

suppression with standard three-drug regimens may be improved using combinations 

of four or five drugs and that treatment intensification should be considered in some 

patients with a high viral load̂ ^̂ '̂ "*̂ . However, this has to be balanced against the 

higher pill burden and thus, possibly, with poorer adherence to these regimens. 

Studies are in progress to address whether this strategy will lead to a better long-term 

outcomes compared to standard three-drug HAART. Finally, it has been suggested 

that triple NRTI-HAART is effective in patients with lower viral loads and who have 

potential adherence problems^T Currently it is possible to receive three NRTIs 

(zidovudine, lamivudine and abacavir) in a single pill taken twice daily^'^.

1.5 Other therapies
1.5.1 Hvdroxvurea

Hydroxyurea, a drug that was first developed over 30 years ago for treating patients 

with some types of cancer^'^’ '̂̂ ,̂ has recently been considered for the management of 

patients with HIV infection. In vitro, this drug has been shown to block HIV-1 reverse 

transcription and/or replication in quiescent peripheral blood mononuclear cells 

(PBMC) and macrophages. In addition, hydroxyurea was found to be synergistic with 

the NNRTI, ddl, and to inhibit HIV replication in activated PBMC; this inhibition may be 

due to a reduction in deoxynucleoside triphosphate pool sizes. Finally, hydroxyurea 

seems to re-sensitise previously ddl-resistant HIV strains and may also increase the 

potency of 3TC and D4T. Hydroxyurea has been used with success in salvage 

regimens along with 3TC, ddl and D4T in heavily pre-treated patients but its 

contribution to the efficacy of such therapies is uncertain^'’®'̂ ®̂.

1.5.2 Interleukin 2 (IL-2)

A hallmark of human immunodeficiency virus infection is the progressive loss of CD4 

lymphocytes. However, qualitative defects in immune responses may occur prior to the 

precipitous drop in CD4 cell numbers. One of the first immunologic defects to be 

described in HIV-infected individuals was a drop in interleukin-2 (IL-2) production^

It has been shown that the administration of subcutaneous recombinant IL-2 in patients
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treated with antiretroviral therapy stimulates T cells, B cells and natural killer cells to 

proliferate and release cytokines^IL-2 also slows apoptosis of HIV-infected cells 

both in lymph nodes and peripheral blood and produces sustained increases in CD4 

cell number and function in patients with both early and late HIV diseasê ®®’ ®̂̂.

1.6 Virological response to HAART: a review of results from observational 
studies
Historically, primary end points in HIV trials were based on clinical events such as 

AIDS and deatĥ ®®’ ®̂"̂. However, as therapy has improved, the low rate of disease 

progression has made it impractical to use clinical end points in trials of short duration, 

especially in treatment-naïve groups. Almost all antiretroviral trials now use a surrogate 

marker (e.g. CD4 count or viral load) as the main end point and achieving and 

maintaining maximum viral load suppression is nowadays widely accepted as the main 

goal of antiretroviral therapŷ ®®’̂ ®®'̂ ®̂.

Combination therapy including at least two NRTIs plus a PI or NNRTI has been shown 

to reduce plasma HIV RNA concentrations below the limit of detection within 16-24 

weeks of initiation of therapy in clinical trials and observational studies. In early studies 

this limit of detection was 500 copies/mL^°^’ ®̂®’̂ ®® but more recently it has been shown 

that HAART can reduce viral load below 50 copies/mL within 24 weeks in the majority 

of p a t i e n t s ^ I n  a population-based cohort of HIV-infected patients, who are more 

representative of patients seen in routine clinical practice than patients in clinical trials, 

79% of the patients had a viral load ^500 copies/mL by 24 weeks after starting a PI 

and the median time to reach a viral load ^500 copies/mL was about 8 weekŝ "̂̂ .

1.6.1 Relationship between virological response and pre-therapv viral load level 

Staszewski and colleagues identified several important determinants of achieving a 

viral load <500 copies/mL^ '̂ .̂ First of all, as one might expect intuitively, patients with 

high plasma HIV RNA concentrations at the time of starting potent antiretroviral 

therapy achieved an undetectable viral load more slowly than patients with low 

concentrations. In this study, it was estimated that there was a 30% reduction in the 

chance of achieving a viral load below 500 copies/mL per logio higher baseline 

concentration^ '̂*. This finding is in agreement with those from other studies that looked 

at determinants of virological response in large clinical cohorts^^®‘ ®̂°. The reduction in 

viral load at week 4 seems to predict the subsequent probability of virological success 

independently from baseline viral load^®^
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1.6.2 Relationship between virological response, pre-therapy and most recent CD4 

count

The initial CD4 count prior to starting HAART has also been shown to be an important 

predictor of virological response however results regarding the role of the pre-therapy 

CD4 count are still c o n t r o v e r s i a l T h e  CD4 count at the time of starting 

HAART and, more importantly, the rise in the CD4 count induced by therapy have both 

been found to be strongly associated with a reduced risk of viral rebound above 500 

copies/mU®^’̂ ®®. This could reflect better drug tolerability in patients with higher CD4 

counts or could indicate a real role of CD4 T cells in maintaining a low viral load, but 

confirmation is needed from other similar studies. However, the probability of 

interrupting HAART because of toxicity is similar at different levels of the most recent 

CD4 count̂ ®̂ .

By assembling all the current evidence it may be concluded that the pre-therapy level 

of viral load influences both the time and the absolute probability of achieving an initial 

undetectable viral load, whereas the longer term virological response is predicted 

better by the pre-therapy CD4 count̂ ®®’ ®̂®. However, it was recently shown that in 

antiretroviral-naive patients starting HAART, the prognostic role of either pre-therapy 

viral load or CD4 count in predicting virological rebound is pretty loŵ ®®.

1.6.3 Relationship between virological response, historv of antiretroviral treatment and 
number of new drugs started

The rate of virological failure in previously antiretroviral naïve patients is lower than in 

pre-treated patients who start HAART̂ ®®. A recent analysis showed that antiretroviral- 

naïve patients have a better virological response to HAART (defined as ^3 

antiretroviral drugs) than drug-experienced patients starting three new drugs^®T Being 

antiretroviral-naive appears to be the factor that best predicts the chance of achieving 

and maintaining viral suppression on HAART®®. This has often been assumed on the 

basis of cross-trial comparisons^® ’̂̂ ®®’̂ ®°. Importantly, an exposure to mono or double 

NRTI therapy before HAART of as little as six months can lead to an increased risk of 

virological failure on HAART that may last as long as three yearŝ ®®'̂ ®̂ '̂ ®\

As far as other predictors of virological response are concerned, in treatment 

experienced but Pl-naïve patients starting a Pl-containing HAART regimen, the 

number of new NRTIs started in combination with the PI is associated with a higher 

probability of initial viral suppression to below 500 copies/mU^'^’^̂®.
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1.6.4 Comparison between specific drugs

In terms of specific drug effects, results from non-randomised cohort studies need to 

be interpreted with caution due to the potential for biaŝ ®̂ . However, several cohort 

studies, have consistently indicated that patients who receive saquinavir (hard-gel 

formulation) as their only PI seemed to have a worse virological response than patients 

whose first PI is indinavir or ritonavir̂ "̂̂ ^̂ ®’ ®̂̂’̂ ®̂’ ®̂®. This finding can almost certainly be 

explained by the fact that the bio-availability of the hard-gel formulation of saquinavir is 

very low (only 4% of the drug is actually absorbed)

1.6.5 Adherence to therapv

There is agreement that adherence to antiretroviral treatment is the most important 

determinant of therapy success, at least in antiretroviral-naïve p a t i e n t s ^ O n e  of 

the most convincing pieces of evidence came from a recent study showing a rate of 

virological success of 100% (below 400 copies/mL) by week 48 in antiretroviral-naïve 

patients starting three or four drugs, whose treatment was directly observed (DOT) 

rather than self-administered^°®. However, DOT appears to be successful only if there 

is an uninterrupted supply of high-quality d ru g s ^ ^ . One of the main problems related 

to adherence is the choice of the best method to measure adherence in a patient^^'^^\ 

For example, it has been shown that adherence as perceived by physician is not an 

accurate measure of adherence^^^. There appears to be agreement between the 

experts that whilst self-reported adherence may over-report true adherence, it remains 

one of the best tools to measure adherence to therapŷ ^®'̂ ^®. Another, probably more 

objective, measure of adherence can be obtained using a Micro Electronic Mechanical 

System (MEMS)-caps; bottle-caps containing microelectronics that record the date and 

time each pill bottle is opened, however, also this method has limitations^® ’̂̂ ®̂'̂ ®̂.

Drug resistance
Unless treated, in most infected individuals HIV replicates at an extremely rapid rate 

throughout the course of the disease. Repeated estimates by separate groups in 

patients with CD4 counts below 500 cells/pil showed that as many as 1 to 10 billion 

copies of HIV are produced daily^^®'^\ The transcription of the RNA genome into the 

viral DNA is error prone, especially in certain regions of RNA, and there is no error- 

checking system to repair the many spontaneous genetic mutations that arise daily. 

These mutations include amino acid substitutions in genes that are the active sites of 

antiretroviral drug activity. In a person infected with HIV, and in absence of therapy, 

one genetic form of the virus tends to dominate as the most rapidly growing or most 

“fit” type. By convention, this viral population is termed that person’s wild type virus.
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Adding antiretroviral therapy to this picture can change the viral ecology dramatically. If 

therapy allows continued viral replication (as in the case of mono or dual therapies, for 

example, where the virus may not be fully suppressed), mutations in the wild-type 

genome that allow the virus to grow despite the presence of the drugs, make that 

mutant the fittest virai form^'^"^. Such a mutant strain of HIV will eventually have a 

selective growth advantage and will become the dominant type in that person as long 

as the drug is administered^®. Mutations that favour the replication of HIV in the 

presence of a specific drug are called that drug's primary resistance mutations. 

Mutations can appear throughout the whole genome of HIV including the RT and 

protease regions.

Resistance testing
Two main types of drug resistance assays are currently available for the management 

of HIV-infected patients^®. Phenotypic assays measure the amount of a drug needed 

to inhibit HIV replication. This amount increases as drug resistance develops. Thus, for 

example, if an amount x  of the drug is needed to inhibit 50% (or I C 5 0 )  of the replication 

of a wild type virus, viruses that need four times this amount to exhibit the same 

percentage of inhibition are said to be 4-fold resistant to that drug. In other words, the 

susceptibility of the virus to that drug is 4 times lower than it should be normally.

In contrast, genotypic testing looks for base changes in the RT and protease genes of 

HIV which are associated with reduced susceptibility to antiretroviral drugs. 

Interpretation of the results of genotypic assays is based on presumed susceptibilities 

inferred from the combinations of mutations identified from a growing list of mutations 

known to confer phenotypic resistance^^. Genotypic testing is cheaper and quicker 

than phenotypic testing. However, the several interpretative systems which are 

currently available often provide conflicting results and this limits the interpretation and 

value of genotypic testing.

1.6.6 Prognostic value of resistance testing

Several observational studies showed that resistance, as defined by viral genotype, 

was significantly associated with virological outcome on HAART^®^®®. These results 

were reinforced by those of randomised controlled trials that have shown the utility of 

genotypic resistance testing in guiding the choice of antiretroviral therapy in different 

settings^®^^® .̂ However, some more recent randomised studies showed that the effect 

of resistance testing-guided therapy may be short term ®̂®'̂ ®®. A number of studies 

indicate that phenotypic resistance testing also yields prognostic information over and 

above that available through current standard of care (e.g. viral load and treatment
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Furthermore, minor mutations In the protease region (e.g. at 

positions 10, 36) present in antiretroviral-naïve patients prior to initiation of Pl- 

containing HAART have been shown to decrease the chance of achieving a viral load 

below 500 copies/mL at 24 weeks of therap/^. The rationale of this finding is that 

these minor mutations can initiate the development of primary mutations in the 

protease region. However, other investigators did not find an association between 

minor mutations in the protease region and virological response^"^^^.

Virological failure can also occur in patients who have first experienced a reduction in 

plasma HIV RNA to levels below detectable^The reasons for this are not completely 

understood but are partially related to the fact that detectable but unquantifiable viral 

load reflect residual HIV replication '̂*^̂ ®®. Ongoing viral replication due to non

suppressive therapy leads to early development of drug-resistant virus and eventually 

to virological failurê ®"̂ ®̂®. Virological failure may occur also as a result of the activation 

of latently infected cells containing drug-resistant viruŝ ®®’̂ ®°. Drug resistance mutations 

selected during episodes of transient viraemia, over a period in which the virus was 

otherwise suppressed, have been detected in latently infected T lymphocytes^®^ There 

is evidence that viral replication even at levels as low as between 50 and 500 

copies/mL can result in resistant strains of HIV. There is less evidence that this can 

happen if the viral load is below 50 copies/mL but at this point in time this possibility 

cannot be excluded with certaintŷ ®̂ '̂ ®®. This is the reason why the main goal of 

antiretroviral therapy is to suppress and maintain viral replication as low as 

possiblê ®®’̂ ®®. Indeed, antiretroviral-naïve patients, whose viral load has been 

suppressed to s50 copies/mL by 24 weeks of HAART, experience a much lower rate of 

viral rebound compared to those whose viral load has been suppressed to s500 
cop ies /m 66,167,264-266 However, drug resistance is only one determinant of therapy 

failure which is clearly a multi-factorial phenomenon^® ’̂̂ ®®. For example, it was found 

that phenotypic drug resistance was often not present in patients who had experienced 

virological failure on HAART^^, and other studies have shown that rebound of drug- 

sensitive HIV strains may also occur̂ ®®’̂ ®®’̂ °̂.

1.6.7 Failure due to therapv discontinuation

A major reason for limited viral suppression and often the determinant of abrupt 

virological failure is treatment interruption^^ '̂^^®. Currently available antiretroviral drugs 

are difficult to take because of the heavy pill burden and associated toxicity and 

intolerance that can lead to therapy interruption^^^®®. In previously antiretroviral-naïve 

patients who achieve a viral load ^50 copies/mL, there is evidence that, if adherence 

and toxicity problems could be solved, HAART regimes could induce a viral
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suppression that is sustained for several yearŝ ^®. Thus, while HIV eradication seems 

to be an unrealistic goal for the currently available regimeŝ ®®’̂ ®"̂ "̂®®, these drugs, if they 

could be taken consistently for decades, are potentially effective in delaying HIV 

progression for many years.

1.6.8 Therapeutic drug monitoring fTDM)

Therapeutic drug monitoring has much theoretical appeal in HIV disease management. 

It is a complicated laboratory test that allows the measurement of levels of antiretroviral 

drugs in the plasma. Pharmacokinetic (PK) parameters obtainable include the trough 

level (or minimum concentration level or Cmm), the maximum peak in concentration 

(Cmax), and the area under the curve (AUC). Cmm seems to be an important PK 

parameter for efficacy as the blood drug levels need to be higher than a crucial level in 

order to prevent HIV replication. In the context of drug resistant viruses, this level 

depends not only on the concentration of that particular drug in the plasma but also on 

the susceptibility of the virus to that drug. Thus, the possibility of using the ratio 

between drug specific Cmin and the I C 5 0  (or I C 9 0 )  of the drug as a measure of the 

efficacy has been recently investigated^® .̂

Protease inhibitors and NNRTIs have been considered logical candidates for TDM 

because plasma concentrations for these drugs are directly interpretable. Moreover, 

virological outcomes have been often correlated with the Cmin of these drugs. In 

contrast, there seems to be little utility in performing TDM on NRTIs as there is no clear 

connection between plasma drug levels and intracellular levels. A randomised 

controlled studies showed that week 24 mean viral load decrease was the highest in 

patients for whom therapy was guided by genotype resistance results and had optimal 

plasma PI concentrations compared to patients receiving standard of carê ®®. Data 

from two large prospective TDM studies and from other studies have reported 

conflicting results on the prognostic value of TDM in predicting the response to 

t h e r a p y ^ I t  has been also suggested that TDM may be useful to manage drug 

toxicity. There is some evidence that toxicity may be associated with the Cmax and that 

it may be avoided by reducing the doses of the drugs^\ However, limited data are 

available and they are currently insufficient to warrant the use of antiretroviral TDM in 

the routine clinical management of HIV-infected patients^® .̂

1.7 CD4 count response to HAART: a review of results from observational 
studies
One of the major benefits associated with the use of potent antiretroviral therapy is the 

CD4 count rises seen in patients receiving HAART observed in clinical trials^® ’̂ ®̂® as
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well as in cohort studies^^’̂ .  The study by Staszewski and colleagues^®®, in 

particular, looked at the association between viral suppression and the CD4 count rise 

induced by therapy and provides support for a direct causal relationship between HIV 

replication and CD4 depletion. Data from other studies have subsequently supported 

this finding^®'^. The increase in CD4 lymphocyte numbers has two phases. An initial 

phase, lasting 4-8 weeks, characterised by a rapid increase in circulating naïve and 

memory T cells, followed by a second phase, which persists as long as viral load is 

suppressed by HAART, characterised by a slower increase of circulating naïve 

cells^° ’̂̂ ’®°°‘®°®. The initial increases are thought to be too large and rapid to be 

attributable completely to new production and therefore they reflect a redistribution of 

mostly memory T cells originally present in the lymphoid tissues back to the 

circulation®° ’̂®°^^. It has also been hypothesised that this initial rapid restoration can 

be explained by the reduced activation-induced apoptosis following the suppression of 

viral replication in lymphoid tissues®®̂ . The production of new naïve T cells is 

generated both by peripheral proliferation and by restored thymic mass and function 

that, in turn, is age related®®®"®̂®. Co-infection with hepatitis 0  virus (HCV) also appears 

to be a major determinant of CD4 restoration on HAART, in that, for a given viral 

suppression, CD4 rises are impaired in co-infected individuals® '̂^^®. However, another 

recent study has shown contradictory results®̂

The greatest impact of HAART on the recovery of CD4 lymphocytes seems to occur 

within the first two years of therapy®̂ ®. The average increase in CD4 count observed in 

cohort studies after two years of HAART is about 200 cells/pil. This increase has been 

shown to be independent from the CD4 count pre-HAART®®®^®. Thus, patients with an 

average CD4 count of 50 cells/jxl at the time of starting HAART would have, on 

average, around 250 cells/^il after two years of therapy while patients starting with 350 

cells/pl would have around 550 cells/^l i.e. would have achieved a level closer to 

“normal” CD4 cell counts. However, the lower the CD4 count nadir before therapy the 

lower the chance of immune reconstitution on HAART^® ®̂®.

Another critical question related to CD4 restoration induced by therapy is whether 

these restored CD4 cells are functional. CD4 functionality is clearly lost with HIV 

progression and there is evidence that they are only modestly increased after the use 

of HAART®°°’®̂®'®̂\ This must be reconciled with the observed dramatic clinical benefits 

of potent therapy. However, it is unclear whether failure of antigen reactivity in HIV 

infection is a consequence of cell loss, cell dysfunction, or both. Thus, the CD4 rises 

after HAART, despite the modest improvement in the lymphocyte function, may be 

sufficient to provide protection against new opportunistic infection. Indeed, in patients
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starting HAART with a CD4 count <20 cells/^l, the probability of occurrence of an 

AIDS-defining illness is very low if the CD4 count rises to 200 cells/p.1 (or even less) 

and is comparable to that observed in the natural history of infection®®’̂ ®®. There is also 

evidence that a very low proportion of antiretroviral-naïve patients do not experience a 

CD4 rise above 200 cells/pl after two years of treatment with HAART and that the risk 

of virological failure in patients starting HAART with a CD4 ranging between 200-350 

cells/p,l is similar to that of patients starting with a CD4 count >350 cells/pî ®®. These 

findings have been used as an argument against the need to start HAART when the 

CD4 count is around 350 cells/jxl in chronically HIV-infected patients compared to 

delaying therapy before CD4 count falls below 200 cells/jxi.

1.8 Clinical response to HAART: a review from results of observational 
studies
The observed reductions in the rate of hospitalisation of HIV infected patients and 

mortality which have occurred in the period 1997-2002 is clearly associated with the 

reduction in HIV RNA levels and the rise in CD4 count upon initiation of HAART®^®^ .̂ 

In the study of Palella and colleagues, death rates decreased from 30 per 100 person- 

years in 1995 to 17 per 100 person-years in 1996 and to 9 per 100 person-years by the 

second quarter of 1997. These changes are mirrored by changes in the rate of 

protease inhibitor use from 2% in mid-1995 to 82% by June 1997 (Figure 1.8.1). The 

results are adjusted for the use of prophylaxis against opportunistic infections and for 

the fact that those infected more recently tend to start therapy earlier than in the past 

as a result of increasing HIV testing in the USA. Similar results have been found in 

Europe by Mocroft and colleagues using data from patients enrolled in EuroSIDA ®̂®. 

More recently, there seems to be little evidence that the efficacy of HAART has started 

to wane®̂ ®.
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Figure 1.8.1 Association between the use of HAART and mortality 

From Palella and colleagues^^
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1.8.1 Discontinuation of prophylactic treatment for opportunistic infections 

Since opportunistic disease has been reversed and prevented by HAART alone, 

patients' care has been transformed by the ability to withdraw primary and secondary 

prophylactic or suppressive chemotherapy for pneumocystis carinil pneumonia (PCP), 

cytomegalovirus, and mycobacterium avium complex. Importantly, in the study by 

Ledergerber and colleagues no cases of recurrent PCP were diagnosed over a median 

follow-up of 13 months after discontinuation of secondary PCP prophylaxis®^.

Despite the withdrawal of prophylactic treatments which in the pre-HAART era had 

been life-long necessities, the rate of occurrence of other conditions such as 

leishamaniasis, cryptococcosis and candidal thrush is now extremely low®̂ "®®°.

The fact that CD4 count-specific AIDS rates have not changed remarkably before and 

after the introduction of HAART argues that CD4 count rise is the main mechanism 

which protects against the risk of opportunistic infections®^.
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1.9 Limitations of HAART: a review
1.9.1 Therapy discontinuation due to toxicity

Despite reductions in the mortality rate in the HIV infected population since 1996 which 

has remained low so far®̂ ’̂̂ ®̂, this has been achieved by paying a high cost in toxicity. 

Almost all of the drugs listed in Table 1.3.1 carry the risk of some side-effects. The 

larger the number of drugs contained in a prescribed regimen, the more severe these 

side-effects can be and, additionally, unwanted interactions between these drugs may 

occur. Side effects are sometimes referred to as adverse drug reactions (ADRs), 

adverse effects (AEs), or simply toxicities. When antiretroviral treatment was first 

introduced, toxicities were tolerated in the face of imminently life-threatening disease. 

As patients' lives have been prolonged by therapy and HIV-related clinical events 

occur less frequently, toxicities represent an increasing concern regarding the use of 

antiretroviral treatment and have led to high rates of therapy discontinuation^® '̂^^®' 
283,351,352 cünical practice, by six months of initiation of HAART, around 30% of 

patients had discontinued at least one of the drugs started and around 10% had 

completely interrupted antiretroviral therapy (recent analysis of I.Co.N.A database, 

unpublished data). It may be noted that the main reasons for treatment interruptions 

over this period of time are toxicity and non-adherence rather than therapy failure. 

There is some evidence that patients who discontinue a regimen because of toxicity 

are more likely to discontinue subsequent regimens for similar reasonŝ ®®.

1.9.2 Metabolic and morphologic alterations

More severe medium-term adverse effects of antiretroviral therapy have been 

observed. The use of the term “lipodystrophy” originates in two reports published in 

1997-1998 describing wasting of subcutaneous fat in the face and limbs of HIV- 

infected patients treated with the PI, indinavir®®®'®®̂ . From 1998 onwards, other 

investigators described a syndrome of peripheral fat wasting (fat redistribution) as a 

common complication of the use of antiretroviral therapy predominantly including 

pig355-372 Altered lipoproteins, elevated fasting serum triglyceride, LDL- and VLDL- and 

HDL- cholesterol were also documented in patients receiving Pl-containing 

therapies®̂ ®"®®®. Insulin resistance and diabetes mellitus developed ex novo or 
worsened in patients starting a 373,331,390-395 fact that these morphological and 

metabolical alterations have been observed at a population level and the apparent use 

of Pis as the unifying cause led the investigators to think that all these changes were 

part of a new single “lipodystrophy syndrome” ®̂®’®®®'®®®. However, a number of studies 

had been designed a priori to implicate the role of Pis and, soon after these reports, it 

appeared evident that other factors, such as the use of NRTIs, age, and gender, may
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be independently associated with the risk of developing these alterations®®®"̂ ®. In 

particular prolonged exposure to D4T has often been associated with the development 

of fat loss (or lipoatrophy) in non-randomised studieŝ ®® "*®® '*®® '"^. However, results from 

cross-sectional studies need to be interpreted with caution as the receipt of D4T or Pis 

may be simply a surrogate for prior prolonged NRTI therapy'̂ ^®.

1.9.3 Risk of cardiovascular diseases

There are anecdotal case reports of patients who have developed coronary heart 

disease whilst on HAART^^^^®\ However, the two large cross-sectional studies 

conducted so far have not found a significant difference in the prevalence of 

cardiovascular complications or cardiac death when comparing patients who received 

Pl-containing regimens to those who received NRTIs only or who were drug-naive"̂ ®®. 

Clearly a certain proportion of patients are likely to develop these events independently 

of HAART. For example, other risk factors such as smoking (smokers are quite 

prevalent in the HIV-infected populations) need to be taken into account. Furthermore, 

it has been suggested that an increased risk of cardiovascular diseases may be a 

consequence of HIV infection itself®®. Thus, it is important to monitor patients on 

HAART for long periods as these effects may negatively affect the long-term prognosis 

of patients with HIV infection.

1.9.4 Bone mineral changes

Recently, a high prevalence of relatively young HIV-infected individuals with 

osteopenia and osteoporosis has been observed. The reasons for their appearance 

are still unknown and may be linked to HIV infection, antiretroviral therapy, and fat 

redistribution on antiretroviral therapy"̂ ®"̂ "̂ .̂

1.10 Data sources: the Italian Cohort Naïve form Antiretrovirals (I.C0.N.A.) and 

the Frankfurt HIV Clinic Cohort (UNIF) databases
The data analysed in this thesis come from two different sources; from a large 

multicentre study of antiretroviral naïve HIV infected patients in Italy (the Italian Cohort 

Naïve from Antiretrovirals - I.Co.N.A study) and from the HIV Clinic Cohort of the J.W. 

Goethe Universitat, Frankfurt (the UNIF cohort). To increase the statistical power of 

one of the analyses presented in chapter 6, the data of patients in UNIF were merged 

with those of patients enrolled in another large European cohort of HIV-infected 

patients, the Swiss HIV Cohort Study (SHCS).

This section contains a description of the two main cohorts with special consideration 

given to how patients have been recruited in each cohort and how data have been

40



collected. General patient care and treatment policies at UNIF, Zentrum der Inneren 

Medizin, J.W. Goethe Universitat, Frankfurt over the period 1997-2000 have been also 

described.

1.10.1 I.Co.N.A study design

I.Co.N.A is a large observational cohort study of HIV-infected patients attending 65 

Infectious Disease Wards in Italy who, at the time of entering the cohort, were still 

antiretroviral-naive. The design is prospective with long-term follow-up (at least 10 

years) and the nature of the study is observational. Patients enrolled in the cohort may 

also be taking part of randomised controlled trials but investigators are not allowed to 

design any type of intervention study that may affect the therapy decision of the 

clinicians operating at each participating site. Clinical data and dates of starting and 

stopping every single antiretroviral drug are collected at each site and recorded 

electronically on the I.Co.N.A. web site (http://www.icona.org/). Automatic procedures 

have been introduced at each site to reduce the chance of typing errors and 

inconsistent data. Data are also checked and cleaned centrally by a private company 

that also provides all the informatic assistance. Two monitors with experience in HIV 

medicine check each imputed data and contact the Infectious Disease Ward in case an 

inconsistency is detected. Furthermore, consistency control batches are performed 

routinely. Some of these inconsistencies can be addressed directly by the monitors 

when they have access to the data, while for others the Infectious Disease Wards are 

contacted for confirmation. A list of the main batches is shown in Table 1.10.1. At least 

every six months an updated version of the database is sent to a Scientific Committee 

and analysed by a statistician chosen by this committee.

41

http://www.icona.org/


Table 1.10.1 Main consistency batches routinely performed in I.Co.N.A.

Batch description (1)
1. Check of mode of HIV transmission=”other”
2. Female sex and modality of transmission = homosexual contact
3. Reason for being naïve = recent seroconversion and date of 1®* HIV+ test >12 
months before enrolment
4. Reason for being naïve = no need to treat and CD4 count at enrolment <350 cells/pl
5. Reason for being naïve = refuse to initiate therapy and CD4 >500 cells/pl
6. Reason for being naïve = clinical contraindications and no clinical symptoms at 
enrolment
7. Reason for being naïve = not available
8. Date of CD4 pre-enrolment = date of CD4 at enrolment
9. Date of CD4/viral load at enrolment < 30 days before date of first clinical visit
10. Date of first pre-enrolment CD4/viral load < date of 1®* HIV+ test
11. Date of second pre-enrolment CD4/viral load < date of 1®̂ HIV+ test
12. Date of second pre-enrolment CD4/viral load < date of first pre-enrolment CD4/viral 
load
13.Date of 1®* clinical visit < date of 1®̂ HIV+ test
14. Date of 1®̂ HIV+ test <1984
15.Seroconversion date without documented last HIV- test
16. Date of discharge > date of hospitalisations
17. Date of hospitalisations without date of discharge
18. Date of AIDS diagnosis pre-enrolment > 1 year of date of enrolment
19. Date of AIDS diagnosis pre-enrolment > date of enrolment
20. Date of AIDS diagnosis pre-enrolment < date of 1®̂ HIV+ test
21. Same AIDS defining disease pre-enrolment and at first clinical visit and date of pre
enrolment visit < 120 days of date of first clinical visit
22. Date of lost to follow-up < date of enrolment
23. Date of death > 6 months after the date of last clinical visit
24. %CD4 + %CD8 > 100%
25. Outlier values for CD4 and CD8 counts
26. Standard viral load assay and values measured with ultra-sensitive assays (<50, 
<20 copies/mL, etc.)
27. Viral load values “^500 copies/mL" and ultra-sensitive viral load assay
28. Missing or outlier values for height
29. Missing or outlier values for age
30. Outlier values for alanine transaminase or aspartate aminotransferase
31. Outlier values for cholesterol and triglycerides
32. Outlier values for white cells count and neutrophils
33. Elevate levels of glucose and diabetes
34. Outlier values for haemoglobin and platelets
35. Missing or outlier values for weight
36. Missing values for cytomegalovirus (IgG)
37. Missing values for purified protein derivative antigen (tuberculosis infection)______
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Batch description (2)

38. Missing values for toxoplasma gondii (IgG)
39. Missing value for treponema pallidum antibody test
40. Missing value for HBsAg
41. Missing value for HCV antibodies
42. Combinations including one NNRTI and one PI
43. Combinations including one NRTI and one PI
44. Combinations including one NRTI and one NNRTI
45. Combinations including zidovudine and stavudine
46. Combinations including two Pis only
47. Combinations including one ritonavir and amprenavir (check dosage)
48. Combinations including ritonavir and indinavir (check dosage)
49. Combinations including ritonavir and saquinavir HG (check dosage)
50. Combinations including one ritonavir and saquinivair SG (check dosage)
51. Discontinuation of therapy because of clinical failure in relationship with clinical 
progression
52. Discontinuation of therapy because of immunological failure in relationship with the 
CD4 count in a window ranging between - 90 days and + 30 days of the date of 
discontinuation
53. Discontinuation of therapy because of virological failure and viral load measured 
over the previous 90 days missing or s500 copies/mL
54. Date of therapy initiation <date of enrolment
55. Date of therapy initiation > date of therapy stop
56. Combinations including >5 drugs (check for feasibility)
57. Combinations including >5 drugs (one being combivir)
58. Combinations including >5 drugs (without combivir)
59. Mono-therapy with date of pregnancy
60. Combinations including “other drugs”
61. Discontinuation of a drug because of “other reasons”
62. Substitution of zidovudine/lamivudine with combivir and wrong reason for 
discontinuation
63. Reason for starting a drug “starting therapy” in patients already on therapy
64. Last clinical follow-up >12 months before current date
65. Check of all AIDS defining-disease pre-enrolment
66. Check of all AIDS defining-disease over the clinical follow-up
67. Check of all episodes of pregnancy
68. Hospitalizations without information on therapy received
69. Consistency between CDC stage at enrolment and AIDS defining-events________

1.10.2 I.Co.N.A Patients and Methods 

Infectious Disease Wards
65 Infectious Disease Wards agreed to take part in the study with the following regional 

distribution: 17 in Lombardia region, 8 in Lazio, 8 in Emilia-Romagna, 5 in Tuscany, 4 

in Piemonte, 4 in Puglia, 3 in Campania, 3 in Veneto, 2 in Sardinia, 2 in Marche, 2 in 

Liguria, 1 in Friuli-Venezia-Giulia, 1 in Abruzzo, 1 in Umbria, 1 in Basilicata and 1 in 

Sicilia.
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Patients
The first 60 consecutive antiretroviral-naïve patients attending each site were included 

in the study for a total of 3,900 patients. Suitable for recruitment patients could have 

been new patients first seen at each site or patients regularly attending the clinics. A 

patient was eligible if he/she had never been exposed to antiretroviral therapy before, 

regardless of the reasons for this. Informed consent was obtained from every patient 

included, stating that the name of the patient would remain confidential and that 

antiretroviral therapy agreed with their personal doctor would not be modified by 

participating in the study. The first recruitment period started on May 1 1997 and 

terminated in April 30 1998 during which 3,900 patients have been enrolled. A second 

recruitment period (I.Co.N.A. 2000) started on January 1 2000 with the aim of recruiting

1,000 new patients from a selected sample of sites with active follow-up. Analyses in 

this thesis use data from 4,765 patients and it was last updated on May 31, 2001.

Follow-up
Patients will be followed-up for at least 10 years from the date of enrolment. Interim 

analyses of hypotheses regarding issues related to the response to antiretroviral 

therapy or the management of HIV-infected patients can be performed at the request of 

the Scientific Committee.

Sample size
Under the hypothesis of a maximal drop-out rate of 10% per year (due to the large 

proportion of HIV-infected injecting drug users in Italy) and a duration of 10 years of 

follow-up, an initial study population of 3,900 patients would guarantee 1,360 patients 

with complete follow-up. Once a year, starting from April 2000 onwards, a formal 

attempt is made to contact those patients who appear to be lost to follow-up (more than 

12 months without a clinical visit). A list of these patients is sent to each centre and 

they try to contact the patient by letter or telephone. In 2002, a list of 80 patients 

belonging to 60 different centres was generated and 20% of these have been 

successfully contacted.

Methods
All sites are connected to the I.Co.N.A. web page on the Internet (www.icona.org). The 

electronic database contains a form for the demographic information, a form for the 

characteristics of the patients at baseline, and a form for each clinical visit (enrolment 

form, see Appendix I). Clinical and laboratory markers such as haemoglobin, platelets, 

leukocytes, total lymphocytes, absolute and percent CD4 and CD8 count, plasma HIV
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RNA, alanine transaminase (ALT), aspartate aminotransferase (AST), markers of 

hepatitis viruses (HepBeAg, HBsAb, HCV-Ab), IgG antibodies to anti-Toxoplasma 

gondii and anti-Cytomegalovirus (CMV), and other serological markers are collected at 

each clinical visit. Plasma HIV RNA is measured using quantitative RT-PCR (Amplicor, 

Roche Molecular System), signal amplification b-DNA assay (Quantiplex, Chiron), 

nucleic acid sequence-based amplification (NASBA Organon Teknika) methods, or 

some other in-house method, depending on the site. The lower limit of detection of 

these assays was usually 500 copies/mL but after January 1, 1998 the ultra-sensitive 

version of the Roche Amplicor assay (with lower limit of detection of 50 copies/mL) 

became available in a number of centres and has been used when appropriate. 

Throughout the thesis, despite the fact that there is large variability between the 

assays, especially at low viral load levels"^®"^, and the fact that failing to standardise 

the measurements seemed to have an important impact on the results of a another 

analys is^no attempt to standardise viral loads measured using different assays was 

made. This was because in most of the analyses in which an adjustment factor was 

used, the conclusions were similar with or without standardisation (see specific 

analysis for details). In the follow-up form every hospitalisation (date of entrance, 

diagnosis and date of discharge) and development of non-HIV related, HIV-related but 

not AIDS-defining and AIDS-defining disease are also recorded. A further form includes 

the date of start and stop of each antiretroviral drug, date of start and stop of any 

prophylactic treatment and the reason for interrupting each drug as reported by the 

clinicians. Each antiretroviral or prophylactic drug is shown on the web page in a pre

defined order that can be modified every time a new drug is introduced. This thesis 

concentrates on the data items collected up to the end of May 2001 shown in Table 

1.10.2.

At the time of enrolment the forms containing the demographic and other baseline 

information (e.g. CDC stage, previous AIDS-defining illnesses, etc.) and the first clinical 

follow-up form must be completed for each patient participating in the study. The 

database is updated every time a new clinical event, hospitalisation, treatment initiation 

or interruption, or death occurs, or after six months if none of the above have occurred. 

All measures of CD4 count and plasma HIV-RNA after enrolment are reported. The 

frequency of this monitoring varies from site to site but markers are recorded on 

average every three months. Source validation investigations have been implemented 

over the year 2001. For example, external monitors have been sent to each centre that 

reported at least a new AIDS defining disease, to cross check the clinical data with 

those collected in the hospital forms. The patient ID information is automatically coded
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at the time of data-input so that confidentiality is guaranteed. Aside from the main 

electronic database, some Infectious Diseases Wards also agreed to store and provide 

biologic material including samples of plasma and cells every six months on a voluntary 

basis. Plasma is collected and stored at least every 6 months while cells are collected 

locally and stored centrally at least every year. On some of these samples collected 

prior to initiation of therapy genotypic resistance testing has been performed.

Study Organisation
I.Co.N.A. has been designed according to a list of rules approved by each of the 

participating sites. The study is structured to include a Scientific Committee (including 

epidemiologists, clinicians and statisticians), 7 main clinical centres, and a virology 

centre. The main clinical centres co-ordinate the collection of data at each of the 65 

sites and are responsible for solving any scientific or technical problem that manifests 

at each site. Every study participant can propose additional “nested” studies 

addressing specific scientific and social issues requiring data not routinely collected on 

the database. The Scientific Committee generates study hypotheses, evaluates the 

feasibility and the ethical issues raised by submitted proposals for nested studies, co

ordinates the statistical analysis of the data, and organises 6-monthly meetings. Nested 

studies that include any form of treatment interventions and so interfere with the 

observational nature of the study are rejected. The Scientific Committee, in agreement 

with the participating sites, also decides how to use the bank of biological material. At 

the beginning there was one statistician on the Scientific Committee who supervised 

the activity of three other statisticians who were responsible for the analysis of the 

database, including myself. More recently all the analyses have been performed at the 

Royal Free Hospital, London UK by myself under the supervision of Professor AN 

Phillips. The data collected at each site belong to the individual Infectious Disease 

Wards and can be used for publication without restrictions. If data of patients enrolled 

in I.Co.N.A. are used for publications this information needs to be acknowledged in the 

manuscript.
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Table 1.10.2 Data included in analyses from the I.Co.N.A. study

Demographic

Clinical

Laboratory markers

Treatment information
(it can be more than one episode of 
use for each of these drugs)

Reasons for discontinuing 
each drug

Resistance testing (on a 
subset of patients)________

Gender 
Date of birth
Mode of HIV transmission 
Body weight
Date of last HIV-negative test (only for a subset) 
Date of first HIV-positive test 
Date of enrolment
Date and diagnosis of all AIDS-defining diseases 
prior to enrolment
Date and diagnosis of all AIDS-defining diseases 
over follow-up
Date of last clinical follow-up 
Date of death
Date and results of CD4 lymphocyte counts
Date and results of plasma HIV-RNA
Date and results of hepatitis markers (HCV/HBV)
Date of starting and stopping of:
zidovudine (AZT)
didanosine (ddl)
lamivudine (3TC)
zaicitabine (ddC)
stavudine (D4T)
abacavir
combivir (AZT+3TC)
trizivir (AZT+3TC+abacavir)
nevirapine
deiavirdine
efavirenz
saquinavir (hard gel formulation)
saquinavir (soft gel formulation)
indinavir
ritonavir
nelfinavir
amprenavir
tipranavir
atazanavir
Failure
Toxicity
Patients’ decision
Full genotypic sequence of reverse transcriptase 
and protease enzymes_____________________

1.10.3 HIV / AIDS care at the UNIF of Frankfurt

In 1989, Professor HJ Helm and Dr Schlomo Staszweski started treating patients 

attending an outpatient area for infectious diseases opened in building 68 within the J. 

W. Goethe Universitaat of Frankfurt. However, the first AIDS case was diagnosed in 

the clinic in 1993 and shortly after this date the University of Frankfurt cohort or UNIF 

cohort of HIV infected patients was established. Characteristics of patients attending 

the UNIF were recorded on a report form and transferred onto a HIV-“Epidem”
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computerised database. This database contained only basic information up to the end 

of 1993 (the demographic information of each patient and the CD4 count at enrolment). 

Since 1993, however, the database has been modified to accommodate much more 

information both at enrolment and at every clinical follow-up visit. In 1996, data were 

retrospectively cross-checked with the clinical notes; information stored on the 

database is now prospectively checked and cleaned. Currently, at a patient's first visit 

full demographic information and clinical diagnoses are collected. Patients are seen 

approximately every 4 weeks; at each visit, patients have full clinical examinations and 

blood is taken for monitoring plasma HIV-RNA and CD4 cell count. Between January 

1995 and December 1997, viral load quantification was performed at the UNIF using 

the Roche Amplicor assay. More recently (starting from January 1998) a new assay 

with a lower limit of detection of 20 copies/mL has became available (Roche Ultra

sensitive). For those patients whose viral load is measured outside the laboratory of the 

UNIF, information regarding which laboratory and which assay was used are also 

collected. All instances of starting and stopping antiretroviral therapy are also recorded 

in the Epidem database. In addition, a separate database containing the results of 

phenotypic resistance testing performed using the VIRGO recombinant virus assay is 

available for a selected subset of patients in the cohort. It is possible to link the 

information contained in the phenotypic resistance database with those contained in 

Epidem using the clinic number of the patient. The collaboration with VIRGO started at 

the end of 1995. Patients who have not attended a clinical visit with one of the doctors 

of the UNIF within the last 12 months, but for whom more recent results of laboratory 

tests (GD4 count and viral load) are available are retained in the Epidem database with 

a distinguishing code. This code remains on the database until the patient attends the 

clinic again and is notified by one of the doctors. Like in I.Go.N.A. patients can enter 

randomised clinical trials after enrolment in UNIF.

In a clinical setting such as this, there is large scope for data collection and analyses. 

Analyses in this thesis use data from 1,242 patients seen at the clinic up to October 31, 

2000. Table 1.10.3 shows the information available in the database for these patients.
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Table 1.10.3 Data included in analyses from the UNIF cohort

Demographic

Clinical

Laboratory markers

Treatment Information
(it can be more than one 
episode of use for each of these 
drugs)

Resistance testing (on a 
subset of patients)

Gender 
Date of birth
Mode of HIV transmission
Date of enrolment (or first HIV-positive test)
Clinical diagnoses at enrolment and follow-up 
Date of last clinical follow-up 
Date of death
Date and results of CD4 lymphocyte counts
Date and results of plasma HIV-RNA
Date of starting and stopping of:
zidovudine (AZT)
didanosine (ddl)
lamivudine (3TC)
zaicitabine (ddC)
stavudine (D4T)
abacavir
combivir (AZT+3TC)
trizivir (AZT+3TC+abacavir)
adefovir
Ioviride
tivirapine
nevirapine
delaviridine
efavirenz
saquinavir (hard gel formulation)
saquinavir (soft gel formulation)
indinavir
ritonavir
nelfinavir
amprenavir
Phenotypic testing results (using the VIRGO
recombinant assay) for the following drugs:
zidovudine (AZT)
didanosine (ddl)
lamivudine (3TC)
zaicitabine (ddC)
stavudine (D4T)
abacavir
Ioviride
nevirapine
deiavirdine
efavirenz
saquinavir
indinavir
ritonavir
nelfinavir
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1.11 Key attributes of the two cohorts: differences and simiiarities
The key common feature of these two cohorts is the fact that they both are 

observational studies hence patients enrolled should be representative of patients seen 

in the clinic. However, while I.Co.N.A. is a formerly designed prospective 

epidemiological cohort study, UNIF, in contrast, is a clinical database based on 

information collected during routine clinical visits and in which medical records have 

been routinely decoded and stored in some electronic format. Further, I.Co.N.A is a 

multi-centre study while UNIF database contains data of patients attending a single 

centre. The data are transcribed directly from the clinical notes by trained clinicians at 

the different sites in I.Co.N.A. and by a single trained person in UNIF either in real-time 

or at defined time intervals after the patients attended the clinics. Data consistency 

checks are done by a single trained research person in both cohorts. Updated versions 

of the databases are available monthly, downloadable directly from the web, for 

I.Co.N.A. and at least 6-monthly for UNIF. Other main differences between the two 

cohorts are the frequency of patients infected through homosexual contacts (50% in 

UNIF vs. 20% in I.Co.N.A.) vs. heterosexual contacts and injecting drug use (35% in 

I.Co.N.A. vs. 20% in UNIF), history of treatment at the time of enrolment (all patients in 

I.Co.N.A. are antiretroviral-na'ive), type of drugs contained in the first line HAART 

regimens (use of saquinavir hard gel higher in I.Co.N.A.), and frequency of viral load 

monitoring (4 monthly in I.Co.N.A vs. monthly in UNIF). See chapter 3 for a detailed 

separate descriptions of the two cohorts. Items collected were virtually the same in the 

two cohorts, reason for stopping antiretrovirals and HCV serology information are 

collected in I.Co.N.A. but not UNIF. The I.Co.N.A. network is supported by an 

unrestricted educational grant provided by GlaxoSmithKline, Italy. The main similarities 

and differences between the two cohorts are summarised in Table 1.11.1.
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Table 1.11.1 Similarities and differences between the two cohorts

Cohort

Attributes I.Co.N.A UNIF

Nature of study Observational Observational

Design Multi-centre, prospective Single centre, clinical

epidemiological study database

Data collection Transfer from medical Transfer from medical

notes in real-time or at notes at defined time

defined time intervals by intervals by single trained

trained research staff person

Data consistency check Performed by trained Performed by trained

research person research person

Updates availability Monthly 6-monthly

Main mode of HIV Injecting drug use and Men having sex with men

transmission heterosexual sex

Treatment history before All naïve Majority pre-treated with

enrolment mono-dual therapy

Antiretroviral drugs in first Majority on saquinavir HG Very few on saquinavir HG

HAART regimen

Frequency of viral load 4-monthly Monthly

monitoring

Reason for stopping Collected Not available

antiretrovirals

HCV serology Collected Not available

Funding GlaxoSmithKline, Italy Mainly public funding

1.12 Project objectives and layout of the thesis
The main aim of this thesis is to present analyses carried out on large observational 

studies and related to the effect of HAART on the course of HIV disease after its 

introduction in 1996. Most of the analyses were based on data from the I.Co.N.A and 

the UNIF database. For one analysis the UNIF database was merged with another 

large European observational study (The Swiss HIV Cohort Study).

Chapter 2 summarises a number of approaches that have been used to define the 

virological outcome in observational and randomised studies. Particular importance 

has been given to the issue of handling patients who had a switch in antiretroviral 

therapy or missing viral load values. The validity of the use of “time to therapy failure”

51



as a possible “summary measure” was described and the flexibility of this approach to 

perform sensible analysis according to an “intention to treat” or “on-treatment” principle 

have been described.

Chapter 3 focuses on issues concerning the virological and CD4 count response to 

HAART. Identical analyses were conducted on I.Co.N.A and UNIF with the aim of 

describing the virological and CD4 count response to HAART, and to identify the main 

predictors of these responses in the two cohorts. Results of the two analyses have 

been also briefly compared and similarities / discrepancies discussed.

Chapter 4 builds on the theory described in chapter 2 and provides a concrete example 

of the flexibility the “time to therapy failure” approach when used to compare two 

specific drugs / drug regimens.

The aim of the analysis shown in chapter 5 was to investigate when is the best time to 

start HAART in chronically infected antiretroviral-naïve patients. This issue has been 

the object of large debate over the last few years and, to date, some investigators 

believe that a definite answer will only be available from the results of a randomised 

trial. In this thesis the I.Co.N.A database was used to provide some data that were 

thought to be useful to help patients and clinicians to decide when to first start HAART. 

Part of chapter 6 and chapter 7 focussed on what are currently thought to be the two 

major limitations of HAART: drug-related toxicity and drug-resistance. Given that 

HAART needs to be taken for life, and that viral load tends to go back to pre-therapy 

levels upon therapy interruption, the high rate of discontinuations of single drugs 

included in HAART regimens and the interruption of HAART “tout-court” is clearly of 

concern for patients and clinicians. Drug-related resistance both limiting the virological 

efficacy of therapy and, because of cross-resistance, restricting future options, is also 

seen as a drawback of current HAART which may lead to an increased rate of therapy 

failure.

Further, chapter 6 considers a number of other specific issues related to the 

management of HIV-infected patients in the HAART era. One particular section, in 

which the virological and immunological efficacy of two specific antiretroviral drugs 

have been compared, discusses advantages and disadvantages of analysing 

observational databases over randomised controlled trials. The two main advantages 

are the fact that patients enrolled are generally representative of those seen in routine 

clinical practice and the fact that laboratory markers and clinical events are monitored 

for a long period of time (years rather than weeks). For example patients in the 

I.Co.N.A database have been currently followed for five years but the study has been 

designed to have a total follow-up of at least ten years. The main disadvantage of
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observational databases is the lack of randomisation, so that any drug comparison 

needs to be interpreted with caution.

Other analyses, also in chapter 6, focussed on specific issues related to the virological 

response to HAART. A first analysis focussed on trying to identify early warnings of 

possible week 24 virological failure of HAART. Indeed, it was thought that the week 4 

and week 8 viral load or, in other words, the initial viral load declining trajectory upon 

initiation of HAART could be predictive of virological failure and be used to define 

patients who are destined to experience failure earlier than week 24. Finally, another 

analysis considered only treated patients with sustained viral load values below 50 

copies/mL and had several aims: to describe the prevalence of intermittent values 

above 50 copies/mL or “blips” and to evaluate the prognostic value of blips to predict 

subsequent virological failure. These data were provided in order to help patients to 

understand their real risk of virological failure after experiencing a blip and to help 

clinicians in managing the treatment of patients with intermittent viral load values.
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CHAPTER 2: HOW TO DEFINE THE VIROLOGICAL ENDPOINT

2.1 Introduction
The first randomised clinical trials in HIV typically had clinical events such as AIDS and 

death as primary e n d p o i n t s ^ H o w e v e r ,  after the introduction of HAART, 

because of the impressive effect of this therapy in slowing the rate of HIV progression 

not enough clinical events could be observed to adequately power drug comparisons, 

especially in trials of short duration recruiting treatment-naïve patients"^^. Therefore, 

clinical endpoints have been replaced by surrogate markers endpoints and, in 

particular, the use of plasma HIV RNA levels to define the primary endpoint in clinical 

trials and observational studies is now widespread^"^®®.

The definition of the primary virological endpoint is crucial as the results of any 

statistical analysis evaluating the virological response to HAART would largely depend 

on the choice of this endpoint. Thus, for example, the rate of patients experiencing 

virological failure after starting therapy, the predictive value of a certain factor of 

interest, as well as the comparison between the virological efficacy of two different 

drugs / regimens would be affected by the definition of the virological endpoint.

Data from observational prospective studies and clinical trials are typically longitudinal 

with measurements of viral load collected at approximately regular intervals over 

follow-up. The virological response to therapy in different patients can be compared by 

evaluating the pattern of viral load measurements observed after the initiation of 

therapy. This can be done in different ways. The most commonly used approach to 

deal with multiple measurements over time is to construct a single measure for each 

patient, often called a “summary measure” and then compare this measurement. The 

principle behind using summary measures is to reduce a large number of dependent 

observations (i.e. coming from the same patient) to a single measurement for each 

patient.

In the context of trying to define the virological endpoint of a study, summary measures 

can be continuous variables, such as the mean viral load over a given follow-up period, 

the mean change in viral load over follow-up, the area under the curve obtained when 

joining every single value, the viral load nadir on therapy, or simply the absolute viral 

load value measured at a certain week (or in a certain time window).

Alternatively, summary measures can be binary variables, such as having a viral load 

suppressed below a certain threshold. Another example of summary measure is the 

time to reach a certain event, such as the time to achieve a viral load below a certain 

threshold or the time to experience a viral load above a certain threshold.
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Most of the methods described in this chapter are based on a summary measure. They 

will be classified according to the examples described above, i.e. whether they are 

used to define a continuous endpoint, a binary endpoint, or a time to event endpoint. 

One of the methods described in the paragraph of continuous endpoints uses multiple 

viral loads per patient rather than a summary measure. The pros and cons of each of 

these methods will be highlighted in the following paragraphs (see Table 2.1.1 for a 

summary).

2.2 Continuous virological endpoints
A1 ) Use of viral load at one time point (week M )

This method compares the absolute level of a single viral load at a pre defined time 

after the date of initiation of therapy (e.g. week {x} viral load, Table 2.1.1). The standard 

unpaired t-test (or the non-parametric equivalent Wilcoxon test) can be used to 

compare the mean absolute plasma viral load at week {x} in the two groups. However, 

this analysis would not take into account the level of viral load prior to initiation of 

therapy. Further, if most people have a viral load that is below the limit of detection it 

almost amounts to comparing binary data.

It is, therefore, preferable to compare the average change in viral load from the pre

therapy level to week {x} rather than the absolute week {x} value. Again, the unpaired t- 

test or Wilcoxon test can be used to compare the average change at week {x}. 

Alternatively, a better approach is to use a linear regression model with the week {x} 

viral load as the outcome and the pre-therapy viral load as one of the predictors 

(analysis of covariance or ANCOVA). It can be shown that the variance of the 

difference in mean viral loads is smaller, and therefore the estimate of this difference is 

more precise, when using the analysis of covariance instead of using any of the other 

approaches shown above"^ "̂ .̂ It is important to note that it is not always possible to 

calculate the exact value of the week {x} change in viral load. This is because the 

assays for measuring HIV RNA levels have a lower limit of quantification (typically 500 

or 50 copies/mL).
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Table 2.1.1 Methods to define the virological endpoint

Endpoint Nature of endpoint Epidemiological 
measure of the risk

Statistics

A1) Week x viral load Continuous N/A t-test, Wilcoxon, ANCOVA

A2/a) Week x change in virai load Continuous N/A t-test (unless censored by lower limit of 
detection), Wilcoxon

A2/b) Average change in virai load 
(aii virai load measurements)

Continuous N/A Summary statistics, GEE, multilevel 
random effects models

B1) Undetectable viral loads at 
different time points

Binary Probability, Odds Chi-squared

B2) Virological success at week x Binary Probability, Odds Chi-squared, Logistic regression

Cl) Time to virological failure Time to event Hazard rate
Kaplan-Meier, log-rank test, 
Cox regression model

02) Time to virological success 
(suppression below a threshold)

Time to event Hazard rate
Kaplan-Meier, log-rank test, 
Cox regression model

03) Time to treatment failure 
(stopping / switching of regimen)

Time to event Hazard rate
Kaplan-Meier, log-rank test, 
Cox regression model

ANCOVA=analysis of the covariance; GEE= generalised estimating equations; N/A=Not applicable



Approximating the week {x} value with the value of the limit of detection in patients 

whose week {x} viral load is undetectable may introduce bias but it is generally 

acceptable in some cases'^®. Details of how to calculate adjusted estimates of the 

week {x} viral load change will be described in following section 2.2.1.

A2) Average change in viral load (all viral load values over follow-up)

Comparing viral load changes implies using a single value of viral load over follow-up 

(e.g. the week {x} value). However, when analysing data from longitudinal studies, the 

approach A1) above may be considered sub-optimal as several follow-up 

measurements of plasma HIV RNA would not be used. Among the methods that use all 

the viral load measurements available it is important to distinguish between those that 

accommodate the concept of summary measure and those in which the outcome 

includes more than one viral load per patient.

An example of a summary measure is for each patient the area under the curve joining 

viral load values over time or the mean plasma viral load slope. An example of the 

second approach is a regression model in which the outcome is not a single value of 

viral load but a vector of all the values observed for each patient. Since one of the 

assumptions of standard regression modelling is that all the observations are 

independent, it is necessary either to use another method of calculation or to adjust the 

estimates of standard errors of the coefficients in the model for the correlation between 

the HIV RNA levels measured on the same patient - e.g. using generalised estimating 

equation (GEE) models or random effects multilevel models"̂ ®®'"̂ . Table 2.1.1.

2.2.1 Methods to account for the lower limit of detection of the assays 

Current assays for measuring plasma HIV RNA levels have a lower limit of 

quantification, ranging between 500, 50 and even 20 copies/mL (ultra-sensitive 

methods), below which measurements are unreliable. Thus, for a patient whose viral 

load pre-therapy is 3.7 logioCopies/mL (i.e. 5,000 copies/mL) and whose viral load alter 

24 weeks of therapy is undetectable using an assay with a lower limit of 500 copies/mL 

(2.7 logio copies/mL) the exact reduction in viral load (defined as the difference 

between the pre-therapy level and the 24 week level) is unknown. However, we only 

know for certain that the reduction is at least 1 logio copies/mL.

Crude method
A common method of analysing censored values of HIV RNA levels is to assume that 

HIV RNA levels that are below the limit of quantification are actually equal to this limit. 

Obviously, this crude method of adjustment always results in an underestimation of the
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real reduction in viral load and the higher the limit of quantification the greater the 

underestimation of the real reduction in viral load. Thus, in the example above, if the 

real, unobserved value is 10 copies/mL (and then the real reduction at week 24 is 2.7 

logio copies/mL) this crude method would underestimate the reduction by 1.7 logio 

copies/mL if the limit of quantification is 500 copies/mL and by 0.7 copies/mL if the limit 

of quantification is 50 copies/mL. Once a value for the reduction in viral load is obtained 

for each patient, standard statistical procedures such as t-test, the non-parametric 

equivalent Wilcoxon test, and ANCOVA can be used to compare two groups of patients 

receiving different treatments. However, mainly depending on the proportion of 

censored values and whether it is reasonable to assume that the values are normally 

distributed, these methods can produce a biased estimate of the treatment effect'^\

Marschner’s method
Despite the fact that the bias introduced by this crude method when using an assay 

with a lower limit of 50 copies/mL is lower than that introduced when the lower limit is 

500 copies/mL, there is a method that should reduce this bias even further. Marschner 

and colleagues noticed that the structure of the censored HIV RNA reduction data is 

similar to that of censored time to event data and suggested an alternative method for 

estimating the magnitude of reduction using a Kaplan-Meier analysis'^®. In particular, 

patients whose reduction in viral load could be exactly calculated (i.e. the follow-up viral 

load is above the lower limit of detection) are defined as “events” and the observed 

reduction is the “time to the event”. On the other hand, patients whose real reduction is 

unknown (i.e. the follow-up viral load is below the limit of detection) do not experience 

the “event” and the difference between the pre-therapy HIV RNA level and the lower 

limit of quantification is the “censored time”. When the data are analysed in this way, 

the Kaplan-Meier estimate of the median time to the “event” is actually the estimate of 

the median reduction in viral load, corresponding to reduction that 50% of the patients 

would be expected to exceed. In general, since this method takes account of the 

“censoring”, such an estimate is larger than that obtained using the crude method 

described above. Although non-parametric methods may lack precision in estimating 

the treatment effect when a parametric model can be justified, there are nearly as 

efficient for hypothesis testing. However, the log-rank test, which is commonly used in 

time-to-event analyses, seems less appropriate for biological markers. Indeed, such a 

test is the most powerful test when the difference between groups can be expressed in 

terms of proportional hazards, but the concept of a hazard has little meaning in the 

context of viral load changes. A more appropriate non-parametric test is the Gehan’s
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modification of Wiicoxon’s test that allows for censored measurements'^^ This test is 

available in the LIFETEST procedure of the statistical package SAS'^^.

Technical problems
The time to an event is positive by definition but it can happen that a patient 

experiences an increase in viral load despite the initiation of antiviral therapy and so 

the reduction in viral load would be negative. However, Kaplan-Meier estimates remain 

statistically valid when the response variable assumes negative values and it is 

possible to transform all the reductions into positive values by adding a constant. In 

doing this the analysis can be carried out using a standard statistical software package 

(which generally accepts only positive values for the “time variable”) and the constant 

can be subtracted from all the observations subsequent to the analysis.

Non-lnformatlve censoring
An important assumption of the Kaplan-Meier analysis is that censoring must be non- 

informative. This means that the chance of observing a censored time does not depend 

on the probability of developing the event of interest. Thus, for example, if the endpoint 

of the analysis is time to a clinical diagnosis of AIDS, censoring a patient’s follow-up 

time at the time of transfer to another general clinic can be assumed probably 

reasonably as non-informative. The limit of quantification of the assay is fixed (say 500 

copies/mL). A reduction in viral load of 6,000 copies/mL is then exactly measured if the 

pre-therapy viral load level is at least 6,500 copies/mL (event) or unknown if the pre

therapy viral load level is lower than 6,500 (censored). Therefore, clearly both the viral 

load change and the censoring value depend on the pre-therapy viral load and so there 

is informative censoring. It can be shown that, because of the presence of informative 

censoring, the estimate of the mean/median change in viral load between two groups 

can be largely biased when using standard linear regression or the Kaplan-Meier 

method. The magnitude of the bias depends on several factors. In particular, bigger 

bias arises with higher proportions of censored measurements, if there is 

predominantly left censoring for one group and right censoring for the other, and with 

weaker correlation between the pre-therapy and follow-up viral loads'^\ The bias can 

be avoided by using a standard analysis of covariance model with the (censored) viral 

load change as the dependent variable and the pre-therapy viral load as an 

explanatory variable'̂ ®®’''®\ The disadvantage of this approach is that it is not possible to 

obtain individual estimates of the reduction in viral load but just the median reduction 

for the entire group.
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2.3 Binary virological endpoints
Guidelines for the treatment of HIV infection indicate that 24 weeks of antiretroviral 

treatment should be the upper time limit by which suppression of plasma viral load 

below 50 copies/mL should be achieved in the majority of pa t ien t s^There fo re ,  

definition of virological failure in clinical trials is typically defined as “failing to achieve a 

viral load below 50 copies/mL by week 24 after therapy initiation". The most commonly 

used binary endpoints are the following:

B1) Use of viral load detectabilitv status at different time points (weeks f4T 

f8 l -f24>.....(481 undetectable / detectable viral loads)

This method compares the proportion of patients with a viral load below or above a 

certain threshold (typically 50 or 500 copies/mL) at different time points over the follow- 

up. Often the viral load at week{x} is considered as above a chosen threshold if all the 

previous measurements were also above this threshold.

2.3.1 Methods to handle missing data and therapv switches with binarv endpoints 

One of the crucial issues when comparing viral load data between groups using binary 

endpoints is how to handle therapy switches and missing viral load values. In clinical 

trials data from pharmaceutical companies, if a patient experiences virological failure 

on the treatment of interest or if there is a change in therapy, viral loads are often not 

measured after that point in time. However, failing to take into account of therapy 

switches or missing values may introduce a bias in the comparison.

In cohort studies, it is also common that patients discontinue their initial regimen before 

the end of the study or that viral loads are measured at different time intervals so that 

viral loads at specific time points may be missing for some of the patients. One way of 

minimising the frequency of patients with missing values is to create broad time 

windows so that the week {x} viral load is defined, for example, as the viral load in the 

time window {x-4 weeks, x+4 weeks} closest to week {x>. However, in some cases, no 

matter how large the window, a proportion of patients may still have a missing value at 

some of the defined time points.

There are several ways of dealing with therapy switches and missing values and in this 

section I will illustrate these methods by using some fictional data. Figure 2.3.1 shows 

viral load data from a notional arm of a trial of 15 patients followed-up to 24 weeks from 

the date of initiation of antiretroviral therapy. Filled diamonds represent patients whose 

viral load is above the defined threshold (commonly 500 or 50 copies/mL) at a given 

time point, and unfilled diamonds represent patients whose viral load is below the 

threshold at a given time point. Red diamonds represent the initial regimen received by
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the patients whereas blue diamonds denote an interruption or a modification of the 

original treatment. Thus, for example, patient number 3 had a viral load above the 

threshold after 4 weeks of therapy but interrupted or modified his/her treatment at week 

8 and stayed without treatment (or on the new treatment) without reaching a viral load 

below the threshold for the remaining weeks up to week 24. Patient number 11 

suppressed viral load below the threshold at week 16 of follow-up and did so on the 

original treatment. Six patients (5, 6 ,8 ,10 ,12  and 15) were lost to follow-up and for 

them no viral load was available at week 24. Now let us imagine that week 24 is the 

time point at which we wish to calculate the proportion of patients with a viral load 

below the threshold. There are several ways of calculating this proportion (percentage 

of unfilled diamonds at week 24) depending on how patients who are lost to follow up 

or had discontinued / modified the original treatment before week 24 are handled.

On-treatment analysis (stop/switch in therapy as censored)
One way of calculating the proportions is to consider only patients with a value of viral 

load at week 24 (or in the time window chosen to define the week 24 value) who were 

still on the same original regimen at week 24. Thus in the example, the proportion of 

patients with a viral load below the threshold would be the number of unfilled red 

diamonds (i.e. n=1 patient with a viral load below the threshold and still on the original 

treatment) divided by the total number of red diamonds (i.e. n=1 patient still on the 

original treatment), i.e. 100.0%. This is sometimes called an “on therapy” analysis since 

it only uses data from patients with available viral loads who also remained on the 

original treatment. It has been suggested that such an analysis tests the efficacy of the 

drug / regimen when it is taken and if treatment discontinuations occurred purely at 

random this would be true. However, in reality, patients who discontinue their original 

treatment tend to be different to those who do not. In fact, they tend to be patients 

whose changes in viral load measurements reflect that they are doing relatively poorly 

on their allocated treatment. Thus the proportion of patients with a viral load below the 

threshold in a single group, calculated using an “on therapy” analysis, is generally an 

overestimate of the efficacy of the drug. If the aim is to measure efficacy of the 

regimens the comparison would be certainly biased. For example, assume that all 

treatment discontinuations before week 24 were due to virological failure and that, 

consequently, patients who were still on the original regimen at week 24 were only 

those with a suppressed viral load. Then, the proportion of patients with undetectable 

viral load at week 24 would clearly be an overestimate of the true rate of virological 

success in this group. Furthermore, the degree of bias also depends on the rate of 

discontinuation in the two groups'^®.
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Figure 2.3.1 Notional arm of a trial including 15 patients
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In the past, when HIV RNA assays were initially introduced to clinical practice, viral 

load results were not available in real time to patients or clinicians. Therefore, at that 

time, the “on therapy” analysis was less likely to be misleading since decisions to 

change treatment were not based on the results of these assays. However, more 

recently patients are monitored regularly, viral load results are generally available in 

two weeks time, and prompt discontinuations because of virological failure have 

become frequent. As a consequence, the “on therapy” analysis is now more likely to 

give biased estimates. Thus, this analysis is not generally very useful and should not 

be advised in any setting.

Stop/switch in therapy as faiiure
Another approach to calculating the proportion of patients with viral loads below the 

threshold at week 24 is to define patients who have stopped their original treatment or 

who have switched to a different regimen, or for whom viral load was not available at 

week 24, as patients with detectable viral load or “failures”. For this reason this 

approach is often called the “missing equals failure” approach but could be more 

correctly be called the “therapy change or missing viral load equals failure”. It is worth 

noting, that the use of this method is far from being standardised between analyses of 

randomised clinical trials. For example a change in any of the drugs originally initiated 

would define failure in some of the analyses but only a switch in one of the drugs under 

evaluation (typically the “third drug”, i.e. a NNRTI or a PI) would constitute failure in 

other analyses. All these methods treat a missing viral load value as failure if the 

patient is known to be still receiving the original treatment (unless it is reasonable to 

assume that the missing viral load is below the threshold).

In my example, to use a “treatment change or missing viral load equals failure 

analysis” would be equivalent to treating all the blue diamonds (i.e. n=8 patients who 

had interrupted or modified therapy before week 24 but have a value of viral load at 

week 24) and all the patients without a value at week 24 (i.e. n=6 patients who are lost 

to follow-up before week 24) as failures. Therefore, the proportion of patients with viral 

loads below the threshold would be the number of unfilled red diamonds (n=1) divided 

by the total number of patients i.e. 1/15 = 6.7%. There is a distinguishing feature of this 

approach compared to the “on therapy” approach. Here all the patients enrolled in the 

trial are also included in the analysis. When all patients are analysed in the treatment 

group to which they were originally allocated, irrespective of the treatment changes 

they may have experienced during the follow-up, the analysis is conducted on 

intention-to-treat (ITT, also referred as intent-to-treat) basis. One of the most important 

benefits of conducting the analysis according to the intention-to-treat principle in
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clinical trials is that possible confounding will be controlled by initial randomisation. 

Note, also, that this approach gives a more conservative view of the efficacy of the 

treatment, the estimated proportion of patients with a viral load below the threshold 

being always lower than that estimated using the “on therapy” approach. This is 

because this method estimates the proportion of patients for whom the therapy was 

successful at 24 weeks in real life, i.e. taking into account not only the intrinsic efficacy 

of the treatment in lowering the viral load but also the feasibility of remaining on the 

original therapy for at least 24 weeks. Thus, it is important to bear in mind that, in 

theory, this approach may favour a regimen which is relatively ineffective in lowering 

the viral load but which causes little toxicity, and is therefore less likely to lead to 

therapy interruption or modification, compared with some other highly efficacious 

regimen which, however, causes substantial toxicity (see chapter 4 for an example of 

such a comparison). Because this approach gives a comparison between the two 

drugs that it may be expected in “real life”, it is considered useful and should be always 

be performed.

Analysis by ITT is an essential prerequisite of a well-conducted trial and it is often 

required by journals for publication and organisations such as the Food and Drug 

Administration (FDA) of the US Department of the Health and Human Services before 

a certain drug is licensed. Whether the analysis has been conducted according to an 

ITT principle is included in the checklist requested by the Consolidated Standards of 

Reporting Trials (CONSORT) statement"^"^^®.

Last observation carried forward (LOCF)
The “missing equal failure” approach allows an intention-to-treat analysis based on all 

the patients enrolled in the trial. There are other ways of artificially creating a data set 

with complete “on therapy” viral load values at week 24. One possibility is to use the 

last viral load value measured when the patient was still on the original regimen and 

carry this value forward up to week 24. In the notional data set this would mean that for 

patient number 12, for example, the viral load at week 12 (the most recent viral load 

before a treatment stop / switch had occurred) is carried forward up to week 24. Thus, 

in the example, the proportion of patients with viral loads below the threshold 

calculated using the LOCF method is 2/15 = 13.3%. The assumption is that the viral 

load at week 24 would be exactly the same as that measured on the patient at the time 

of the switch in therapy or most recent virological follow-up. Obviously, the earlier the 

stop / switch in therapy, the less this assumption is likely to hold and this can be a 

major problem when using these type of adjustments. For example, for patient number 

4 whose last on treatment viral load was measured at week 16 when it was below the
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threshold, it may be unreasonable to assume that that viral load would have remained 

below the threshold for the other 8 weeks had he/she continued on the original regimen 

(Figure 2.3.1).

Ignore stop /  switches altogether
Alternatively, it is possible to completely ignore any stops / switches in therapy and 

calculate the proportion of patients with viral loads below the threshold irrespective of 

whether the patients were still on their original regimen or not. However, as in the ITT 

method previously described, missing viral load values are also here treated as 

failures. In the example, this proportion would be given by the number of unfilled 

diamonds (i.e. n=3 patients with undetectable viral load at week 24) divided by all the 

patients (n=15) i.e. 3/15 = 20.0%. This method of analysis is also important and 

compares regimens in the context of “treatment strategies”. Indeed, this is the 

approach that perhaps is most in keeping with the intention-to-treat principle. Initial 

randomisation and the comparison of viral response in patients as randomised 

guarantee that any difference in the viral response can only be attributable to the 

treatment strategy. Thus, viral loads at week 24 are compared between groups of 

patients as allocated to their original regimens irrespective of what subsequently 

happened to them. For example, being allocated to a certain regimen 'A' may mean 

that patients will be exposed to substantial toxicity and may need to replace one or all 

the drugs contained in this regimen. These patients will then start a second regimen 

B', say. This switch is ignored in this analysis and patients are compared only on the 

basis of their viral load observed at week 24. When using this approach, it is important, 

as part of the descriptive aspect of this analysis, to document how many switches 

occurred over the 24 weeks of therapy and what alternative regimens have been used, 

so that this kind of information may be used to interpret the overall result and to plan 

future treatment strategies. There is a specific aspect that should be kept in mind when 

interpreting the results of an analysis performed using this ITT method. The final 

proportion of patients with viral load below 500 copies/mL not only reflects the efficacy 

of the first regimen but also the efficacy of any following regimens. Several scenarios 

are then conceivable. Firstly, it is possible that patients starting a certain drug A which 

is virologically less efficacious than drug B are subsequently switching to a drug C 

which is, in turn, more potent than B. Therefore, by conducting the analysis according 

to this ITT method, drug A may even look better than drug B when we know that in 

reality is less potent"^ \̂ However, if an equal proportion of patients in both arms would 

switch to a second line regimens with similar virological potency, the analysis according 

to this ITT method would provide useful results. Indeed, it can be interpreted as the
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comparison between the sequences of the two therapies, one containing drug A in the 

first regimen and the other containing drug B in the first regimen. In patients starting 

any particular regimen, subsequent therapies are generally not as effective as when 

they are used as initial regimens'*^ .̂ The reduction in efficacy of these second (or third 

line) regimens depends on the type of the initial regimens (for example HAART with a 

NNRTI has little virological potency in patients who have already experienced 

virological failure on a first HAART with another NNRTI, because of cross- 

resistance)"̂ ^®. Therefore, the proportion of patients with viral load below 500 copies/mL 

calculated after ignoring therapy switches is useful in that it takes into account the 

disadvantages associated with having starting a particular regimen.

Table 2.3.1 Summary of results from using methods to handle therapy switches / 

missing viral load data using the proportions with undetectable viral load approach

Method
Percentage 

with week 24 

viral load below 

threshold

Comment

On-treatment Biased estimate.

100.0% not advisable

Therapy switch / missing VL = failures 6.7% Useful

LOCF 13.3% Often unreasonable

Ignore therapy switch, missing VL=failure 20.0% Useful

Using adjacent values to replace a missing viral load value
Another approach to defining patients as having a viral load above (or below) a certain 

threshold is to use the viral load measured the week prior to or following the time 

chosen for the endpoint. For example, if viral the load is missing at week {x} but both 

the viral load at week {x-1} and the viral load at week {x+1} were below the threshold, it 

may be reasonable to assume that the viral load is also undetectable at week {x}. Note 

that in a clinical trial setting where the follow-up terminates at week 24, this may be 

equivalent to a LOCF analysis.

82) Virological success at week 24

This method calculates the proportion of patients with a viral load below a certain 

threshold to viral loads measured at week 24 after initiation of therapy. In observational 

studies, the most common used thresholds are 500 copies/mL, 400 copies/mL and 50
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copies/m L that mirror the thresholds of the most commonly used assays for the 

quantification of viral load. Thus, similarly to the method that calculates the proportion 

of patients with a viral load below 50 copies/mL also this approach uses a single value 

of viral load. However, the key difference between this method and the mere 

calculation of patients with undetectable viral load at week 24 is that this approach is 

cumulative in that, to some extent, previous evidence of virological failure is taken into 

account. An example of how it may be possible to incorporate evidence of failure 

occurring prior to week 24 is the standardised data analysis plan (DAP) that has been 

designed for assessing the relationship between baseline resistance data and 

virological response to therapy (see next section 2.3.2).

Standard statistical analysis for binary data can be used with this endpoint (e.g. chi- 

squared test, logistic regression analysis. Table 2.1.1). This method is obviously 

extendable to longer follow-up comparisons (e.g. week 48, 72, etc.). Since this 

approach uses a single value of viral load at week 24 after initiation of therapy it has 

disadvantages compared to alternative approaches that use all the measurements. 

Again, one crucial issue is how to treat therapy switches and missing viral load data. In 

observational studies, in which monitoring of viral load is regulated by the frequency of 

patients’ visits to the clinic, a viral load at week 24 may not be available in all patients. 

Such patients cannot be defined as failures on the basis of their week 24 viral load and 

therefore assumptions need to be made. The usual simple options are to exclude these 

patients from the analysis (OT analysis) or to define them as failure (ITT missing 

equals failure analysis). In order to reduce the number of patients for which these 

assumptions need to be made, a broad window around week 24 is sometimes 

considered when defining the week 24 viral load. Thus, for example, if viral loads are 

particularly infrequent, a window from week 16 to week 32 and the measurement 

closest to week 24 is often used. The size of the population that will be eventually 

included in the analysis also depends from the chosen threshold. Thus, since the ultra

sensitive (US) assays with a threshold of 50 copies/mL have been introduced more 

recently, analyses which use the threshold of 50 copies/mL are generally restricted to a 

subset of patients for whom the US method has been used on at least one occasion or 

the analyses only include patients who started therapy after the US method was widely 

available. Therefore a cut-off of 500 copies/mL is often chosen in order to include the 

largest number of patients.

2.3.2 The standardised Data Analvsis Plan (DAP)

This method was proposed in 1999 by a group of researchers who founded the HIV 

resistance collaborative group (RCG). The RCG had as a mandate the formulation of
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recommendations for the appropriate use of HIV resistance testing in clinical trials and 

clinical practice. For this purpose, a Clinical Validation Subcommittee was convened 

which was responsible for identifying completed or ongoing studies which could help to 

characterise the correlation between HIV phenotype/genotype and virological 

outcomes on therapy. Despite the specific aim of this project, the subcommittee was 

mandated to draft definitions of treatment failure, treatment response, and relevant time 

points that can be used to test any other hypothesis. Potential standardised methods of 

data analysis that could be applied to such studies were also to be explored. These 

areas are addressed in the Data Analysis Plan (DAP) for resistance studies which is an 

adaptation of the general approach using the week 24 virological data^" \̂ It was 

anticipated that this plan of analysis could then be applied to a wide variety of clinical 

HIV studies in order to produce a standardised set of results "̂* ’̂̂ "̂ .̂ It was thought that 

the use of DAP across studies would facilitate the comparison of results between these 

studies.

The DAP uses the proportion of patients below 400 copies/mL at week 24 as the 

defined endpoint. In addition, the following refinements have been proposed:

A. Transient increases in viral load around week 24 are not considered as virological 

failures. Specifically, patients whose viral load is above 400 copies/mL at week 24, 

but whose viral load at the next determination is below the 400 copies/mL, despite 

no change in therapy, are not counted as failures.

B. A broad window from day 106 to day 224 (i.e. approximately from week 16 to week 

32) is suggested for the definition of week 24 viral load. When more than one viral 

load is measured in this window, the measurement closest to week 24 is used. In 

the event of a tie, the later of the two measurements is chosen.

C. Two of the possible ways of handling patients who discontinue their treatment or 

switch to a new treatment described were recommended: (i) considering the stop / 

switch as virological failure - discontinuations as failure (DAP), or (ii) excluding 

patients who stop / switch treatment, - discontinuations as excluded (DAE). More 

specifically for the DAE analysis in patients who discontinued the original treatment 

prior to the beginning of the week 24 window (day 106) the following refinements 

have been proposed:

• if the patient's last viral load value measured whilst on study regimen is 

below 400 copies/mL then they are excluded from the analysis

• if the patient’s last viral load value measured whilst on study regimen is 

above 400 copies/mL then they are counted as virological failure only if any 

of the following conditions apply:
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■ the patient is a confirmed non responder, i.e. has at least two viral 

load values ^ pre-therapy viral load

■ there is substantial evidence of lack of response, i.e. the reduction in 

viral load from pre-therapy levels is <0.5 logio copies/mL for all values 

measured between and including week 4 through week 8

■ there is evidence of viral rebound, i.e. viral load nadir is below 400 

copies/m L

In all other cases patients should be excluded. Details of the DAP guidelines are given 

in the flow charts 3.5.1 (DAF) and 3.5.2 (DAE).

Of course this is only one possible proposal for a standardised analysis and it may not 

be optimal in all cases. For example, a shorter window for the week 24 viral load may 

be used if viral load are measured 4-weekly or more frequently or, if the reason for 

discontinuation reported by clinicians has been collected in the database, only 

discontinuations occurring after week 16 that can be attributed to virological failure 

(rather than all the discontinuations) may be counted as failures. It may be noted that 

both the DAF and DAE definitions contravene the ITT principle for comparing 

randomised groups as they allow patients to be excluded from the final analysis.

2.3.3 Statistical methods for the analysis of binary endpoints

The proportion of patients below 400 copies/mL at week 24 of therapy is one of the 

possible measures of the probability of virological success at week 24. It is generally of 

interest to identify factors that can be associated with this probability. This can be done 

by comparing the probability of virological success in patients with the factor of interest 

(exposed patients) with the probability of success in patients without the factor of 

interest (unexposed patients). The difference in proportions can then be tested using 

the chi-squared test. Another common way of evaluating this association is to convert 

the probability P to an odds = P/(1-P) and to test whether there is a difference in the 

odds or, alternatively, if the odds ratio (i.e. the odds of success in the exposed group 

divided by the odds in the unexposed group) is different from 1. The transformation 

from probability into odds has the advantage that the univariable analysis performed 

using the chi-squared test can be extended to perform a multivariable analysis using a 

logistic regression model'̂ '̂̂ .

The logistic regression model is a particular case of the generalised linear model in 

which a transformation of the response variable is related to one or more factors 

according to a linear relationship. The transformation is generally called the “link 

function”. See Appendix III for a formal description of the logistic regression model.
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Flow chart 2.3.1 Data analysis plan (DAP) 

DAF definition of viroiogicai faiiure

On original treatment ^ week 16 (day 106)? 

Yes

At least one viral load value between week 16 and week 32?

Yes

week 24 viral load ^400 copies/mL?

Yes

Success

No

next viral load ^400 copies/mL?

Yes

Success

No

Failure

No

Excluded

No

Failure

DAE definition of viroiogicai faiiure

On original treatment ^ week 16 (day 106)?

Yes No

At least one viral load value between week 16 and week 32? Last viral load on treatment ^400 copies/mL?

Yes No No Yes

week 24 viral load ^400 copies/mL? Excluded At least 2 viral loads ^ pre-therapy? Excluded

Yes No or :s0.5 log reduction between week 4-8?

Success next viral load ^400 copies/mL? or viral load nadir 3400 copies/mL?

Yes No Yes No

Success Failure Failure Excluded



2.4 Time to event endpoints
CD Time to virological failure

Instead of comparing patients who have experienced virological failure with patients 

who have not, either at a certain time or by a certain time, it is possible to compare the 

time that it takes until the patient experiences virological failure. This approach is 

another example of a method that uses a summary measure, whereby the summary 

measure is in fact the "time to virological failure". There is no standardised definition of 

the time to virological failure, different definitions of failure can be used and they are 

generally based on several values of viral load rather than just one value.

Note that the time to virological failure is only observable in patients who satisfy the 

chosen definition of failure while for all the other patients time is right censored (we can 

only be certain that by a certain time they still have not satisfied the definition of 

virological failure).

Time to virological rebound
A typical definition of a “time to virological failure” is the time to viral rebound in patients 

initially achieving a viral load below a certain threshold (500 or 50 copies/mL). For 

example, in patients whose viral load is initially suppressed, it is possible to define 

virological failure as the time by which this suppression is lost. Figure 2.4.1 illustrates 

an example of definition of virological failure based on the threshold of 500 copies/mL. 

According to this definition, virological failure is defined at the time of the first of two 

consecutive viral loads >500 copies/mL. The condition of two consecutive values 

above 500 copies/mL is requested because transient bursts in viral load have been 

frequently observed and may not reflect a real restart in substantial viral 

replication'^^®’'*̂®. The time to virological failure is then the time from achieving a viral 

load 3500 copies/mL to the time of defined virological failure. Of note, viral load data 

are only measured at discrete time points. Therefore, it is only possible to know that, 

for example, the viral load was 3500 copies/mL at a discrete time point but, in reality, 

this could have happened sooner. The same is true for the timing of viral load rebounds 

above 500 copies/mL. Thus, using such a definition it is only possible to provide an 

estimate of the exact date at which viral load goes from below 500 copies/mL to back 

above 500 copies/mL and issues related to “interval censoring” (i.e. when follow-up 

times are both left and right censored) may arise. These type of data are generally 

analysed using standard survival analysis methods (e.g. Kaplan-Meier estimates, log- 

rank test, and proportional hazards Cox regression model. Table 2.1.1). Again, see the 

Appendix III for a formal description of survival analysis techniques.
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Global definitions of time to viroiogicai faiiure
Patients whose viral load does not decrease below 500 copies/mL by 24 weeks after 

the date of initiation of therapy should be also included as failures. Therefore, 

sometimes it is convenient to use a global definition of virological failure that includes 

both patients with insufficient viral suppression by week 24 and those with adequate 

initial suppression followed by viral rebound. Insufficient viral suppression by week 24 

is commonly due to high pre-therapy viral load, use of sub-optimal treatments or lack of 

adherence to therapy while it Is unclear whether decreased adherence or development 

of drug-resistance is the main reason associated with virological rebound. A typical 

definition of a time to virological failure endpoint that uses a cut-off of 500 copies/mL 

and includes both early failures and rebounds is the following. For patients whose viral 

load does not fall below 500 copies/mL by week 24, the time of virological failure is set 

at 24 weeks. When defining the endpoint as “inability to suppress viral load below 500 

copies/mL by week 24" there is the danger of wrongly classifying as failures, patients 

who responded to therapy but for whom a viral load was not available exactly by week 

24. Sometimes if the frequency of viral load measurement is only every 12 weeks or 

less frequent it is common to observe a viral load measurement below 500 copies/mL 

in the time window between week 24 and week 32. In these circumstances, it may then 

be sensible to extend the time limit from week 24 to week 32. For patients whose viral 

load is suppressed before week 24 the time to virological rebound is defined as the 

time from therapy initiation to the first of two consecutive viral loads >500 copies/mL 

(Figure 2.4.1). Using this definition, time to virological failure is right censored on the 

date of the last viral load for patients whose last viral load was measured before week 

24 and in patients whose viral load decreased below 500 copies/mL and remained 

below this level (or a single viral load >500 copies/mL was available). Also, failure at 

week 24 can be defined using a cut-off of 50 copies/mL whilst the cut-off for viral 

rebound is maintained at the level of 500 copies/mL (or 1,000 copies/mL even). 

Alternatively, if all the patients had a viral load >500 copies/mL at the time of starting 

therapy, a global definition of time to virological failure could be the time to two 

consecutive viral loads >500 copies/mL after week 24. In this manner, patients whose 

last viral load was measured before week 24 would be excluded from the analysis and 

the minimum time to virological failure would be 24 weeks for patients who, for 

example, had never suppressed viral load and have the first of two consecutive values 

>500 copies/mL exactly at week 24. A refinement of this strategy could be to define as 

failures those patients whose last available viral load was >500 copies/mL and was 

measured between week 16 and week 24. The rationale for this is that virological drop
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outs that occur after week 16 with a viral load above 500 copies/mL are less likely to be 

due to toxicity^

If viral load was ^500 copies/mL at the start, time to failure could be the time to the first 

viral load (or the first of two consecutive values) above the threshold at any time 

(indicating the time at which suppression was lost).

It is important to note that if this global definition is used when performing an analysis 

by intention to treat that ignores treatment switches, the results obtained using this 

endpoint need to be taken in the context not only of the initial drugs but also of those 

that were used after the initial regimen. See the following paragraph 4.4.3 for further 

discussion about the interpretation of analyses performed by ignoring treatment 

changes.

Time to sustained viroiogicai faiiure
Sustained virological failure may happen when, for example, a) clinicians decide to 

keep a regimen that is not suppressing viral load below 1,000 copies/mL but is keeping 

viral load relatively low, or b) clinicians tried to switch to a better regimen that however 

failed to suppress viral load, or c) patient has stopped therapy altogether and has not 

decided to restart as yet. If the objective of the analysis is to evaluate the risk of loss of 

suppression and either the inability or unwillingness to re-suppress viral load using a 

new regimen, a definition of time to sustained virological failure can be used.

For example it can be assumed that if a patient has several consecutive measurements 

of viral load above, say, 1,000 copies/mL the first being after 24 weeks of therapy then 

he/she may have initially achieved a viral load below 50 copies/mL which, however, 

subsequently rebounded and he/she has been unable or unwilling to re-suppress on 

subsequent regimens. Time to sustained virological failure can then be defined as the 

time to reach the last of a number of these viral load measurements >1,000 copies/mL. 

The rationale for choosing several consecutive values of viral load is to make sure that 

virological failure had been consistently observed over some time. Thus, another valid 

analytic approach may be to define as failures those with several viral loads above 

1,000 copies/mL observed over a period of six months.

C2) Time to virological success

This is the same as method C l) but using a definition of virological success rather than 

virological failure. A typical definition of time to virological success is the “time of first 

achieving a viral load below 50 or 500 copies/mL" after starting therapy.
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Figure 2.4.1 Example of definition of viroiogicai failure 

Viral load (copies/mL)

500

Virological Failure

Virological Failure

Week 24

Time from starting HAART (weeks)



Sometimes, when the viral load is expected to decrease below detectable levels only in 

a small proportion of patients (for example in groups of extensively pre-treated 

patients), a reduction of one Ioqio in viral load or the achievement of suppression below 

undetectable levels may be chosen to define the time to virological success. Follow-up 

times of patients whose viral load does not decline below the chosen threshold are 

right censored at the time of the last available viral load. Similarly to the definition of 

time to sustained virological failure given in the previous paragraph, it is possible to 

define a time to “sustained success”. For example, in previously extensively treated 

patients, it can be defined as the time to achieving a viral load below 500 copies/mL 

followed by a period of at least six months without a single viral load above 1,000 

copies/mL.

The time to virological success is also generally estimated using standard survival 

analysis techniques. This kind of analysis is particularly useful when the aim of the 

study is, for example, to estimate the median time to undetectable viral load levels in 

antiretroviral-naive patients starting a HAART regimen for the first time. Again it may be 

important to give estimates of the cumulative probability of patients with viral loads 

below the threshold by a certain time taking into account the fact that patients may 

change therapy during follow-up. Thus, the median time to reach an undetectable viral 

load whilst on the initial regimen can be obtained by censoring the time to virological 

success at the time patients first discontinue one of the drugs in the initial regimen or 

start a new drug. This is generally done under the assumption that the probability of 

achieving an undetectable viral load at the time of therapy discontinuation is the same 

for patients discontinuing and for those reaching the endpoint on the original regimen. 

In other words, this analysis is only appropriate under the assumption that there is no 

informative censoring.

C3) Time to treatment failure (switching / discontinuing therapv)

Another time to event endpoint can be defined as the time to treatment failure, defined 

as the time to treatment discontinuation or treatment switch. A possible way of defining 

this time to event approach will be extensively described in chapter 4.

2.4.1 Guidance for Industrv: the Food and Drug Association (FDA) guidelines for 

accelerated and traditional approval of antiretroviral drugs

In FDA guidelines for the approval of antiretroviral drugs initially drafted in August 1999 

and last updated in March 8, 2001 (www.fda.gov), the proportion of patients with viral 

load below the assay limit at 48 weeks (or longer) and a “time to loss of virological 

response” are both recommended as main endpoints for the traditional approval of a
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drug in superiority trials. Traditional approval is the usual marketing clearance 

mechanism for the majority of drugs that have demonstrated clinical efficacy in phase- 

ill studies. In the guidance definition, the time to loss of virological response is defined 

as the time between the date of randomisation and the date of the last viral load below 

the assay limit prior to two consecutive values above this limit. In other words, 

virological failure is defined at the last time a patient's viral load is known to be still 

suppressed before having a confirmed virological rebound. This is a slightly different 

definition that has not been used in any of the analyses in this thesis. Furthermore, 

patients who do not achieve viral suppression below the limit of detection during the 

study are defined as having a time to virological failure of zero. This suggestion also 

differs from the criteria used in the analysis performed on the following chapters. 

Indeed, it appears inappropriate to give a time of failure of zero to a patient who, for 

example, has a virological follow-up of 52 weeks with all viral loads above the assay 

limit of detection over this period of time. By applying the FDA definition we would 

exclude this patient from the probability set immediately at time zero, while, in reality, 

this patient had been “at risk of responding” by week 24 and should be reasonably 

defined as failure at this point in time. Therefore it is unappealing, practically and 

statistically, retrospectively to declare individuals to have experienced virological failure 

at the time of entry^^. Whilst week 24 is also an arbitrary cut-off, there is evidence that 

viral load falls below undetectable levels by week 24 in most pa t i en t s^Fu r the r ,  the 

FDA guidelines suggest that patients who experience clinical events indicating HIV 

disease progression, or who prematurely discontinue the study treatment due to 

toxicity/intolerance or death, should be considered as failures at the time of these 

events but secondary analyses based on virological data alone may also be performed. 

Importantly, reasons for treatment/study discontinuations should be clearly defined in 

any new drug application (NDA) and these reasons should be evaluated in the 

analyses.

2.4.2 Handling missing data in survival analysis

The definition of time to virological failure may vary according to the frequency of viral 

load measurements in the study and, again, to how patients who discontinue or change 

treatment are treated. For example, if we are interested in the virological response by 

24 weeks after starting a specific therapy, it is important to fully account for patients 

whose viral suppression below the defined threshold was caused by a change in 

therapy. An “on-treatment” analysis, excluding patients who switch to a new treatment 

before week 24, can be performed using a binary endpoint and one of the previously 

described methods. But using these methods, as mentioned earlier in this chapter, may
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introduce a bias. When using the time to virological failure approach, instead of 

completely excluding the patients from the analysis, it is possible just to remove the 

follow-up experience of these patients from the date of therapy change. This approach 

to handling changes in therapy should not introduce any bias since patients are 

allowed to experience virological failure over the follow-up time included in the analysis 

and only follow-up times of patients who had not experienced virological failure by the 

time they changed their initial treatment are right-censored. However, sometimes 

changes in therapy are due to the fact that there is evidence that the initial regimen, for 

some reason, is not potent enough to suppress viral load below the defined threshold. 

This is more likely to happen after the first 16 weeks of therapy before which most 

therapy interruptions or switches can be attributed to toxicity. If the reason for 

discontinuing or changing regimens is collected in the database, the antiviral activity of 

different regimens can be compared using a time to virological failure analysis by 

counting as failures patients who discontinued therapy because of virological failure. A 

more conservative approach would be to treat all patients who have discontinued or 

changed the original treatment as therapeutic failures similar to the “missing equals 

failure” approach when focussing on a binary endpoint at a single time point. In this 

way, treatments with the best combination of low toxicity and high antiviral efficacy 

would be associated with the lowest rate of virological failure.

Again, interruption of the initial regimen or changes in therapy can be ignored. For 

example, if we are interested in comparing the virological response to two different 

treatment strategies, with all subsequent complications, advantages and disadvantages 

that starting a particular drug regimen confers, it would be more appropriate not to 

right-censor the follow-up time of patients who interrupt or change therapy but to 

continue to follow them and compare the groups according to a genuine “intention to 

treat” principle. An example for which this approach would be appropriate is an analysis 

with the objective of comparing the long-term virological and clinical response to 

treatment in patients who had started therapy at different CD4 levels. In such an 

analysis, where the ultimate aim is to give some indication about what happens in the 

future to patients who decide to start therapy early (i.e. at a high CD4 count) or late (i.e. 

at a low CD4 count), the issue of interest is not the comparison between the outcome 

of the initial regimens received by these two groups of patients but rather the 

comparison of the two strategies: “early therapy” vs. “late therapy” (see chapter 5 for 

full description of this analysis using the I.Co.N.A. database).

In general the “time to virological failure” approach is useful as it allows us to 

distinguish between real virological failures and therapy discontinuations or changes 

(which are not a consequence of virological failure) in a reasonably sound manner.
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Chapter 4 illustrates an example of how the censoring strategy may be used in survival 

analysis to try to give a sensible answer to four different questions regarding the 

comparison between two drugs / regimens.

2.5 General comments
The choice of the optimal virological endpoint in clinical trials and observational studies 

has been the subject of great debate'^^  ̂'̂ '̂̂ ®̂. Clearly, this choice is critically important 

for ensuring a valid test of treatment effects, appropriate statistical monitoring, and the 

interpretability of study results for regulatory decision-making.

In this chapter several ways of defining the virological endpoints in randomised clinical 

trials and observational cohort studies are described. They are classified in continuous 

endpoints, binary endpoints, and time to event endpoints.

The choice between these methods is influenced by several factors including the 

nature of the data (clinical trials vs. observational databases), the plausibility of certain 

assumptions, the objective of the analysis, and the validity of the interpretation.

As far as the nature of the data is concerned, the time to event endpoints are certainly 

more flexible than binary endpoints for which measurements of viral load in a time 

window including a certain week are required. The latter are generally preferable only if 

viral loads have not been measured very frequently over the follow-up (say, less than 

two measurements per year). Thus, as a rule of thumb, time to event data should be 

always performed both in clinical trials and observational cohort studies while binary 

endpoints should be maybe only used in cohort studies with sparse measurements of 

viral load.

The major challenge in defining virological endpoints is the fact that virological data 

consist of a vector of measurements repeated over time on the same patient. Therefore 

a naïve analysis that uses all the viral loads without taking into account the correlation 

between measurements observed on the same patient would violate the main 

assumption of standard statistical modelling such as the t-test or a linear regression 

analysis. For example, in clinical trials, it is common to compare mean viral load values 

at different time points between groups of patients using multiple t-testing^°®. This type 

of analysis presents several problems"̂ ^®:

1) it takes no account of the fact that measurements at different time points are likely 

to be from the same patients

2) since the HIV RNA level at one point is likely to influence those of successive time 

points, the significance tests are not likely to be independent

3) dividing the results into significant time points and non-significant time points is an 

artificial summary of the repeated measure data and thus very difficult to interpret
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4) the curve joining the mean HIV RNA values for all patients may not be a good 

description of a typical curve for an individual patient.

All the definitions of endpoints described in this chapter correctly analyse repeated 

measurement data. All apart from one method presented in this chapter involve 

creating a summary measure that has the advantage of being simple, therefore easy to 

understand, and allow to focus on the aspects of the viral load response that are 

thought to be the most relevant. When using continuous endpoints the mixed linear 

model and the generalised estimating equations (GEE) model that use all the viral load 

measurements available can also be used^®"^®. Both these models are a 

generalisation of the standard linear model, the generalisation being that the data are 

permitted to exhibit correlation. These methods, therefore, provide the flexibility of 

modelling not only the means of the data (as in the standard linear model) but their 

variances and covariances as well. However, these methods are relatively complex 

and the results obtained may be difficult to interpret by non-statistical readers.

Finally the choice of the endpoint can vary according to the question being answered. 

If, for example, the aim of the study is to compare the overall reduction in viral load in 

groups of patients receiving different antiviral treatments, the most appropriate 

summary measure is probably the overall mean viral load suppression (if time intervals 

are equal) or the area under the curve (AUC, if time intervals are unequal) during the 

follow-up. These methods have sometimes been presented in an analysis of clinical 

trial or observational study datâ ®® '̂ ®̂ '*®®'̂ '̂ . To compare the rate of change in viral load 

between the groups the regression coefficient of the slope per unit of time calculated 

individually for each patient could be a suitable summary statistic. Finally, if the aim of 

the analysis is to compare the viral load levels at a pre-specified time point (e.g. week 

24), these values can be used as summary statistics or, alternatively, the viral load 

reductions from baseline at week 24. Summary measures can be used even with 

missing data (providing missing data is not very common), and they can be used with 

unequal observation times (like AUC for example). On the other hand, a disadvantage 

of using summary measure is that it may be sometimes difficult to specify an 

appropriate statistic (or justify its choice) for the study in question. Therefore it may be 

useful to look at the results obtained using several summary statistics before drawing 

firm conclusions. However, especially when designing randomised clinical trials, it is 

always recommendable to define hypotheses a priori, to avoid the temptation to use 

the statistic that shows the most interesting or favourable result.

A powerful statistical approach consists in using the time to event as the summary 

measure. A recent paper focussed on the comparison between different times to
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virological failure endpoints"^^ .̂ Specifically, an approach that considers the time of 

starting therapy as the time zero of the analysis was compared with another approach 

that considers the time of first viral suppression as time zero. The authors concluded 

that the time from therapy initiation to virological failure is preferable under the 

assumption that treatment differences in this summary measure are more clinically 

relevant than differences in the initial response rate (i.e. how rapidly viral load declines 

below undetectable levels)"^^. In this chapter (and more in detail in the following 

chapter 4) the aim was to illustrate the great flexibility of this approach. In addition, the 

work by Gilbert and colleagues mentioned above"̂ ^̂  raises the issue that cross- 

sectional endpoints may be useful in secondary analysis but that problems in their 

interpretation argue against their use as primary endpoints^®®. This chapter also 

emphasises that an on-treatment analysis of the proportion of patients with viral loads 

below detectable levels exposes the treatment evaluation to serious selection bias. 

Indeed, a supplementary analysis that uses the data of all patients originally allocated 

to the drug regimens should be always performed. This is especially true in clinical 

trials where patients are randomised to the two drug regimens. Thus, a method that 

potentially compromises the statistical validity of the treatment comparison, by 

excluding from the analysis patients who had early virological failures, should not 

considered as a viable candidate to define virological outcomes.
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CHAPTER 3: RESPONSE TO HAART: EVIDENCE FROM THE UNIF COHORT AND 

I.C0.N.A. AFTER 3-5 YEARS OF FOLLOW-UP

3.1 Introduction
The virological and CD4 count response to therapy have been extensively studied in 

clinical cohort studies after the introduction of HAART In clinical practice^^®’^^’^̂®’̂ ®̂’̂ ®̂. 

These studies focussed on the description of the virological and CD4 count response to 

HAART and attempted to identify the most important factors that can predict good 

responses. Given the large variability in the time taken for a patient to experience 

therapy failure in real life, it is of clinical relevance to study the factors that are 

associated with a faster time to reach this endpoint, in order to be able to identify the 

patients at highest risk of failure. These analyses also provided useful information 

regarding the expected rate of therapy success (or failure) in particular groups of 

patients. A review of the main results coming from observational studies was reported 

in chapter 1 of this thesis. Whilst there is consistent evidence regarding the association 

between some of these factors and the response, the role of other factors remains 

unclear.

The general aim of this chapter is to illustrate the change in viral load and CD4 count 

after the initiation of the first HAART regimen and to try to identify the most important 

factors that affect the virological and CD4 count responses in previously naïve or pre

treated patients.

The analysis of virological response focuses on the time to achieve virological success 

and of the time to virological rebound after achieving initial success. For the analysis of 

the time to achieve initial viral suppression the objective was to study the effectiveness 

of the initial HAART regimen only. It is clinically relevant to show how many patients 

achieve viral suppression below 500 or 50 copies/mL while still on their first HAART 

and the time span in which this occurs. For example, the estimate of the median time to 

achieve viral suppression provides information about how long it is recommended to 

wait for the viral load to be suppressed before defining a patient as having experienced 

virological failure on his/her first regimen. Similarly, the question of how many of the 

patients who achieved initial success managed to maintain viral suppression is also 

relevant and the period of time when, on average, viral rebound occurs can be 

described. Also, a description of the rate of viral rebound over time gives insights into 

the long-term effectiveness of antiretroviral therapy.

The analysis of immunological response focuses on a description of the dynamics of 

CD4 count restoration after HAART (i.e. an estimate of the mean CD4 count gain over 

time from the date of starting HAART). Some patients appear to gain more CD4 cells
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than others after starting HAART and it is important to study the determinants of the 

change in CD4 count, in order to identify which patients have a greater chance of 

having higher CD4 rises and, thus, a reduced risk of clinical events. Again, conflicting 

results have been reported regarding the predictive role of some of these factors.

For these purposes, data from patients enrolled in UNIF and I.Co.N.A. have been 

analysed here. The characteristics of these patients gave the opportunity to study the 

response to HAART in patients who were either antiretroviral-naïve or pre-treated at 

the time of starting first HAART.

3.2 Statistical methods
3.2.1 Definition of virological response

Virological response was analysed by means of a time to event approach as described 

in the previous chapter. Two distinct outcomes were considered: the time to achieve 

initial virological success and the time to experience viral rebound after initial 

suppression. These endpoints were defined using the definitions described in section

2.4 using a threshold of 500 copies/mL (see Figure 2.4.1) but the analyses were 

repeated using the threshold of 50 copies/mL on a subset of patients of the cohort for 

whom viral load was routinely measured using a more sensitive assay.

Since the objective was to study the effectiveness of the initial HAART regimen only, if 

a patient had started a new drug before achieving a viral load below 500 copies/mL 

his/her follow-up time was censored at the date of initiation of this new drug (on- 

treatment analysis, see section 2.4.2 o handling therapy switches in time to event 

analyses). In contrast, in the analysis of the time to virological rebound follow-up times 

were not right-censored when the HAART treatment used to achieve undetectable 

levels was modified. Thus, for example, virological rebounds due to patients having 

stopped all the drugs were counted as rebounds. However, follow-up times were 

censored at the time of the last viral load if this last value was ^500 copies/mL or was a 

single measurement >500 copies/mL. Some of these patients may have been lost to 

follow-up, with, for example, their last viral load being measured more than one year 

before the date of this analysis. An even more conservative approach would have been 

to define also these patients as viral rebounds according to an ITT “missing equals 

failure" approach (again see section 2.4.2 about handling missing data in time to event 

analysis), however this was not done here. All the multivariable analyses have been 

stratified by calendar year of starting HAART.

A binary endpoint “viral load s500 copies/mL at week 24” was also used and a logistic 

regression analysis was performed to identify predictors of the initial virological success
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and to investigate the role of pre-HAART viral load level in more detail (i.e. to evaluate 

whether pre-therapy viral load was affecting the absolute probability of achieving 

virological success or the time to achieve viral suppression or both)'̂ ^̂ . Patients who 

had switched therapy before week 24 or for whom viral load was missing have been 

excluded from the analysis which was therefore conducted according to an on- 

treatment principle (see section 2.3.1 on handling missing data with binary endpoints).

3.2.2 Definition of CD4 count response

Analysis of covariance (ANCOVA) was used to determine the determinants of CD4 

count increase after HAART. The response variable was the CD4 count measured in 

the window between week 96 and week 112 (i.e. approximately two years after the 

date of starting HAART) and mean CD4 increase was compared between groups after 

having adjusted for the pre-therapy CD4 count. As described in previous chapter (in the 

context of defining a virological endpoint) this type of analysis is less powerful than 

other approaches that use all the CD4 counts measured over follow-up (such as GEE 

and mixed linear models). ANCOVA was preferred here because, unlike these other 

approaches, it allows a straightforward interpretation of the results. The following 

potential predictors were investigated: age, HOV serology, pre-therapy viral load, viral 

load suppression over follow-up, treatment history before starting HAART and number 

of new drugs started. For the continuous measures (such as, age, viral load, etc.) cut

offs were chosen a priori on the basis of clinical evidence or previous published 

work^®.
A lowess curve was used to describe the average tendency of absolute CD4 change 

after initiation of HAART (see Appendix III for a description of the method). Mean CD4 

count rises according to the average viral load suppression experienced over a 

maximum follow-up of 108 weeks were plotted against the time from starting HAART. 

The average viral load suppression was calculated as the difference between the sum 

of all the viral loads over follow-up divided by the number of values, and the pre- 

HAART viral load. Only patients with at least three viral load measurements before 

week 108 were used for this plot. However, as an alternative analysis, the mean CD4 

count increase over time was estimated by means of mixed-linear models. CD4 count 

changes per year have been derived using a hierarchical linear model and the “mixed” 

procedure in This allows the variance components to be estimated and uses

error estimates to determine the “shrinkage” of individual slopes towards a common 

mean. In this fashion, slope values that are potentially most variable (because fewer 

values are available over follow-up) are shrunk more than the estimates which are less 

variable (because more values are available)"^®. An “unstructured” block for each
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individual was chosen for the matrix of variances and covariances, i.e. no particular 

assumption was made about the shape of the correlation between CD4 count 

measured at different time points in the same individual. In contrast, for example, a 

“compound symmetry” block structure would assume the same variance at every point 

in time and the same covariance between any two distinct points in time for each 

individual. The main difference between this approach and ANCOVA is that the 

methods uses all the CD4 count measurements available (rather than just the initial 

and final values); furthermore, correlation between CD4 counts coming from the same 

individual is correctly taken into account. Thus, for example, using the compound 

symmetry structure described above, it is assumed that the correlation between two 

CD4 counts coming from the same individual is the same irrespective of the time lag 

between the two measures.

3.3 Results -  the UNIF cohort
3.3.1. Studv population of UNIF

All patients seen at the Frankfurt UNIF as to October 2000 have been included in this 

analysis for a total of 1,242 patients. These patients were all who started at least three 

antiretroviral drugs (defined as HAART) after January 1, 1995 and had a measure of 

viral load and CD4 cell count available on the 26 weeks before starting HAART. Seven 

patients (0.6%) started in 1995, 372 (30.0%) in 1996, 394 (31.7%) in 1997, 215 

(17.3%) in 1998, 189 (15.2%) in 1999, and 65 (5.2%) in 2000. Nine-hundred and 

seventy-six patients (78.6%) were men, the overall median age was 37 years (range: 

17-78) and the presumed mode of HIV infection was 20.0% injection drug use (n=248), 

22.9% heterosexual contacts (n=285), 49.9% male sex with another male (n=620), and 

7.2% other routes (n=89). The median viral load pre-HAART was 5.15 logio copies/mL 

(range: 2.78-6.73) and the median CD4 count was 186 cells/pl (range: 1-1,035). On 

average, viral load was measured 10 times per year (25% quartile=8, 75% quartile=12) 

in these patients. Two hundred and ninety-six patients (23.8%) had already 

experienced at least one AIDS-defining disease prior to starting HAART and the 

majority of patients were antiretroviral-naïve when they started HAART for the first time 

(n=771, 62.1%). In antiretroviral-experienced patients (n=471), the median number of 

drugs previously received was two (range: 1-5). Details of the distribution of viral loads, 

CD4 cell counts, and treatments previously received are shown in Table 3.3.1. Of the 

experienced patients, most had used zidovudine (96.4%, n=454) and lamivudine 

(79.4%, n=374), 48.8% (n=230) had used zalcitabine, 27.0% (n=127) stavudine, and 

12.5% (n=59) didanosine as mono or part of dual therapy before starting HAART. A 

description of the first HAART regimen started is shown in Table 3.3.2.
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Table 3.3.1 UNIF- Characteristics of the 1,242 patients starting HAART

Age median (range)
----------- L_:L̂ -----------------------------------------

Years 37 (17-78)

Gender n (%)
Males 976 (78.6)

Mode of HIV transmission (%)
IDUs 248 (20.0)
Homosexual contacts 620 (49.9)
Heterosexual contacts 285 (22.9)
Other 89 (7.2)
Pre-HAART HIV RNA (coples/mL) n(%)
501-5,000 113(9.1)
5,001-20,000 160 (12.9)
20,001-50,000 156 (12.6)
50,001-200,000 283 (22.8)
>200,000 530 (42.7)
Pre-HAART CD4 count (cells/fil) n (%)
<50 243 (19.6)
50-200 421 (33.9)
201-300 245 (19.7)
301-500 245 (19.7)
>500 88 (7.1)
Antiretrovirai-naïve n (%)
Yes 771 (62.1)

Antiretroviral-experienced patients (n=471)
No. of drugs previously used n (%)
1 22 (4.7)
2 234 (49.7)
3 123 (26.1)
4 75 (15.9)
5 17 (3.6)
NRTI previously used n (%)
Zidovudine (ZDV) 454 (96.4)
Zalcitabine (ddC) 230 (48.8)
Didanosine (ddl) 59 (12.5)
Stavudine (D4T) 127 (27.0)
Lamivudine (3TC) 374 (79.4)
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Table 3.3.2 UNIF- Description of HAART regimen started

HAART treatment started
2 NRTI + PI 639 (51.4)
2 NRTI + NNRTI 322 (25.9)
2 PI (1 being ritonavir) 81 (6.5)
3 NRTI 93 (7.5)
Other 107 (8.6)
Number of new drugs started^
1 191 (15.4)
2 163(13.1)
3 737 (59.3)
4 111 (8.9)
5 37 (3.0)
6 3 (0.2)
Nucleoside RT inhibitors started
Zidovudine 746 (60.1)
Zalcitabine 22 (1.8)
Didanosine 260 (20.9)
Stavudine 365 (29.4)
Lamivudine 1,118(90.0)
Abacavir 160 (12.9)
Protease inhibitor started
Saquinavir hard gel 85 (6.8)
Saquinavir soft gel 8 (0.6)
Indinavir 491 (39.5)
Ritonavir 111 (8.9)
Nelfinavir 182 (14.7)
Amprenavir 1 (0.1)
Non nucieoside RTi started
Loviride 4 (0.3)
Nevirapine 267 (21.5)
Efavirenz 93 (7.5)

Patients who started exactiy 2 NRTI + Pi/NNRTi (n=1,029)
Nucieoside-backbone started
Zidovudine+Lamivudine 572 (55.6)
Lamivudine+Stavudine 221 (21.5)
Didanosine+Stavudine 104 (10.1)
Didanosine+Lamivudine 118 (11.5)
Other 14 (1.4)

i.e. number of drugs to which patients were previously naïve

The majority of the patients started a regimen that included two NRTI and a PI (51.4%, 

n=639) or two NRTI and a NNRTI (25.9%, n=322), whereas combinations including 

three NRTI (7.5%, n=93) or two PI, one being ritonavir, (6.5%, n=81) were started less 

frequently.

Figure 3.3.1 shows the proportion of naïve patients that have started various HAART 

regimens by calendar year. It can be seen that HAART with two NRTI and a PI was the 

most common regimen up to the end of 1997 (56.6%).
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Figure 3.3.1 UNIF- Percentage of ART-naive patients starting various HAART regimens
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1 18 23 34 1 Other
0 0 10 48 23 2 NRTI + 2 PI (RTV)
0 2 2 42 24 3 NRTI
2 91 71 39 8 2 NRTI + NNRTI

106 145 69 8 4 2 NRTI + PI



Figure 3.3.2 UNIF- Perecentage of ART-experienced patients starting various HAART regimens
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Subsequently, and up to the beginning of 1999, two NRTI and a NNRTI was the most 

preferred regimen to start with (40.1%). The use of three NRTI combinations including 

abacavir (24.6% in 1999, 40% in 2000) or of regimens including ritonavir in 

combination with another PI has increased over time, the latter being one of the most 

commonly used regimens in the year 2000 (38.3% of patients). Figure 3.3.2 shows the 

same distribution in antiretroviral-experienced patients. The distribution was very 

similar to that described for the antiretroviral-naïve patients with an increased use of 

regimens containing double Pis and NNRTIs in more recent years. However the 

numbers in 1999 and 2000 are small, hence they have not been shown. The median 

number of new drugs started at the time of starting HAART was three (range; 1-6). The 

most commonly started PI was indinavir (39.5%, n=491) and the most common NNRTI 

was nevirapine (21.5%, n=267) which may relate to the fact that it was licensed one 

year before efavirenz. For most of the patients who started exactly two 

NRTI+PI/NNRTI, zidovudine and lamivudine was the most commonly used NRTI 

backbone in the initial HAART regimen (55.6%, n=572).

3.3.2 Initial virological response to HAART in the UNIF database 

Figure 3.3.3 (solid line) shows the cumulative probability of achieving a viral load below 

500 copies/mL weekly after starting HAART. Overall, a viral load below 500 copies/mL 

was achieved by 905 out of the 1,242 patients studied (Kaplan-Meier estimate: 85.7% 

by week 48). For 883 patients this happened within 24 weeks from starting HAART 

(81.2%, 95% confidence interval (Cl): 78.6-83.7). A further 22 patients (1.7%) achieved 

a viral load below 500 copies/mL after week 24 in spite of no new antiretroviral 

therapies being commenced (follow-up was censored when new drugs were started). 

This analysis was repeated including only 469 patients who started HAART after 

January 1, 1998 (those for whom viral load could be measured using the ultra-sensitive 

assay with a lower limit of detection of 50 copies/mL). Of these patients, 258 (Kaplan- 

Meier estimate: 81.1% by week 48) achieved a viral load below 50 copies/mL and for 

219 this happened within 24 weeks of starting therapy (64.8%, 95% 01: 59.5-70.0, 

Figure 3.3.3, dotted line). The median time to reach a viral load ^500 copies without 

starting a new drug was 7.9 weeks (95% 01 7.6-8.0) and the median time to reach a 

viral load ^50 copies was 10 weeks longer, 17.9 weeks (95% 01: 16.7-19.9) as shown 

in Figure 3.3.3. By week 48 the proportion of patients with a viral load below 500 or 50 

copies/mL was similar. However, this finding may be confounded by calendar year as 

well as other factors.

Table 3.3.3 shows the crude and adjusted relative hazards of achieving a viral load 

s500 copies/mL from fitting a Cox proportional hazards model. Per logio copies/mL
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higher of pre-HAART viral load there was a 31% reduction in the ‘hazard’ of achieving 

a viral load ^500 copies/mL at a given time (p=0.0001). This could depend simply on 

the fact that for patients starting with a high viral load it takes more time to achieve a 

viral load s500 copies/mL than for patients starting with lower viral loads. However, the 

adjusted odds ratio of achieving a viral load ^500 copies/mL by the end of follow-up 

calculated by means of multivariable logistic regression including the same covariates 

used in the Cox model was 0.62 (95% 01: 0.52-0.73, p=0.0001) per logio copies/mL 

higher pre-therapy viral load. As described in chapter 2, the logistic regression model 

simply categorises individuals as to whether or not their viral load fell below 500 

copies/mL by week 24 rather than by the time it took the viral load to do this. Thus, the 

lower rate of initial virological success in patients starting with higher pre-therapy viral 

loads suggests that both a slower viral load decline and a real lower chance of success 

in these patients. In contrast, CD4 count pre-therapy was not associated with the 

probability of achieving initial viral load suppression after adjusting for other factors. 

Other factors associated with a greater chance of virological success were a higher 

number of new drugs started, and being antiretroviral naïve (Table 3.3.3). The latter, 

together with pre-therapy viral load, was the strongest predictor in this analysis. The 

Kaplan-Meier curves of achieving a viral load <500 copies/mL in naïve and pre-treated 

patients are shown in Figure 3.3.4. Further, the rate of achieving a viral load ^500 

copies/mL appeared to be slower in patients who acquired HIV infection via injecting 

drug use compared to homosexual men (Table 3.3.3). Type of HAART regimen started 

also seemed to be associated with the outcome: patients who started two NRTI + 

NNRTI having a greater chance of achieving a viral load below 500 copies/mL than 

those who started single PI-based regimens. Patients who started three NRTI 

appeared to have less chance of reaching a viral load s500 copies/mL compared to 

those starting two NRTI and a PI, however this association was not statistically 

significant (Table 3.3.3). The use of saquinavir-HG as the only PI in the combination 

was significantly associated with a poorer virological outcome in the multivariable 

analysis (Table 3.3.3). This finding is consistent with those of several cohort studies 

and is probably explained by the low bio-availability of this drug compared to other 

drugŝ ®"̂ ’̂ ®®. Other factors that failed to show an association with the chance of 

virological success included age, and gender (Table 3.3.3).
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Figure 3.3.3 UNIF- Probability of achieving undetectable viral load weekly after starting HAART
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Table 3.3.3 UNIF- Factors associated with reaching a viral load below 500 copies/mL on initial regimen from fitting a Cox proportional
hazards model

Factor
Crude anaiysis Adjusted anaiysis

RH (95% 01) p-value RH (95% 01) p-value
Age
10 years older 1.02 (0.95-1.09) 0.67 1.02 (0.95-1.10) 0.52
Gender
Male 1.00 1.00
Female 1.03 (0.88-1.22) 0.69 1.16(0.95-1.42) 0.15
Mode of HIV transmission
Homosexual contacts 1.00 1.00
IDUs 0.70 (0.58-0.84) 0.0001 0.59 (0.48-0.73) 0.0001
Heterosexual contacts 1.06 (0.90-1.25) 0.46 0.89 (0.74-1.07) 0.24
Other 0.78 (0.59-1.03) 0.08 0.70 (0.52-0.93) 0.01
Pre-HAART HiV-RNA
(per logioCopies/mL higher) 0.75 (0.70-0.81) 0.0001 0.70 (0.65-0.75) 0.0001
Pre-HAART CD4 count
(per 100 cells/pil higher) 1.10 (1.06-1.14) 0.0001 1.02 (0.98-1.06) 0.37
Number new NRTI started
(per extra drug) 1.24 (1.15-1.34) 0.0001 1.21 (1.06-1.45) 0.007
Antiretroviral-naïve
No 1.00 1.00
Yes 1.54 (1.34-1.76) 0.0001 1.45 (1.16-1.82) 0.001
HAART regimen
2 NRTI + PI 1.00 1.00
2 NRTI + NNRTI 1.30 (1.11-1.52) 0.001 1.23 (1.06-1.39) 0.02
2 NRTI + PI (one being RTV) 1.14(0.85-1.53) 0.38 0.91 (0.67-1.25) 0.56
3 NRTI 1.05 (0.80-1.38) 0.71 0.76 (0.56-1.05) 0.10
other 1.53 (1.22-1.92) 0.003 1.19(0.93-1.51) 0.17
Saquinavir HG oniy Pi
No 1.00 1.00
Yes 0.53 (0.38-0.72) 0.0001 0.67 (0.48-0.92) 0.02

%



Figure 3.3.4 UNIF- Probability of achieving undetectable viral load according to previous ART
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3.3.3 Viral relapse after reaching undetectable viral load in the UNIF database 

Another important question concerns the subsequent virological outcome of patients 

whose viral load declines below 500 copies/mL and what factors are associated with 

the durability of the viral suppression achieved. To answer this question, a survival 

analysis of the time from the first viral load below 500 copies/mL to the first of two 

consecutive measures of viral load above 500 copies/mL was performed.

From the Cox regression analysis, 905 patients were estimated to achieve a viral load 

below 500 copies/mL with the HAART regimen initially started. Of these, 343 patients 

subsequently experienced a viral rebound above 500 copies/mL with a probability of 

43.9% (95% 01: 40.1-47.6) of relapsing by 160 weeks (Figure 3.3.5, solid line). The 

time to the first of two consecutive viral loads above 50 copies/mL from the date of 

suppression below this lower threshold is also shown for comparison (dotted line). 

Interestingly, despite the fact that viral load was suppressed below 50 copies/mL, the 

average duration of time with sustained suppression below this level was shorter than 

the time that it takes to the viral load to go back above 500 copies/mL after falling 

below 500 copies/mL Of course this may simply be due to a greater variability of the 

viral load measurements at this lower level of replication. Indeed, the Kaplan-Meier 

estimate of rebounding to a value >500 copies/mL after having suppressed viral load to 

a value s50 copies/mL was 31% (95% 01: 26.0-36.0) suggesting that the rate of viral 

rebound above 500 copies/mL depends on the viral load nadir. It would be also 

interesting to study the distribution of viral load values following a single value >50 

copies/mL This was done after merging the data from UNIF with another large 

European cohort (see section 6.4).

Factors associated with the risk of experiencing a viral rebound are shown in Table 

3.3.4. Among all the covariates tested, the independent predictors of viral rebound 

were the CD4 count pre-therapy (10% reduction in risk or rebound per 100 cells/^l 

higher), being antiretroviral-naïve at the time of starting therapy (61% risk reduction 

compared to antiretroviral-experianced patients), starting a NNRTI-containing regimen 

(61% higher risk of rebound compared to standard Pl-containing HAART) and having 

used saquinavir-HG as the only PI in the initial HAART (more than 2-fold increase in 

risk compared to other therapies).
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Table 3.3.4 UNIF- Factors associated with having a viral rebound above 500 copies/mL from fitting a Cox proportional hazards model

Factor
Crude analysis Adjusted analysis

RH (95% Cl) p-value RH (95% Cl) p-value
Age
10 years older 0.95 (0.85-1.06) 0.34 0.91 (0.81-1.03) 0.13
Gender
Male 1.00 1.00
Female 1.21 (0.94-1.55) 0.15 1.17 (0.85-1.60) 0.34
Mode of HIV transmission
Homosexual contacts 1.00 1.00
IDUs 1.42 (1.08-1.86) 0.01 1.40 (1.02-1.92) 0.03
Heterosexual contacts 0.95 (0.72-1.24) 0.70 0.98 (0.72-1.34) 0.90
Other 0.54 (0.29-0.98) 0.04 0.55 (0.29-1.01) 0.06
HIV-RNA pre-HAART
(per logioCopies/mL higher) 0.85 (0.76-0.95) 0.003 1.00 (0.88-1.13) 0.96
CD4 count
(per 100 cells/pil higher) 0.90 (0.84-0.96) 0.002 0.90 (0.84-0.97) 0.005
No. new NRTI started
(per extra drug) 0.65 (0.58-0.73) 0.0001 0.97 (0.82-1.16) 0.77
Antiretroviral-naïve
No 1.00 1.00
Yes 0.37 (0.30-0.46) 0.0001 0.39 (0.28-0.53) 0.0001
HAART regimen
2 NRTI + PI 1.00 1.00
2 NRTI + NNRTI 1.24 (0.97-1.58) 0.09 1.61 (1.22-2.13) 0.0001
2 NRTI + 2 PI (one being RTV) 0.98 (0.53-1.81) 0.95 1.36 (0.73-2.54) 0.39
3 NRTI 0.91 (0.52-1.61) 0.75 1.60 (0.85-2.98) 0.09
other 0.82 (0.55-1.22) 0.32 1.02 (0.67-1.55) 0.86

Saqulnavlr-HG only PI
No 1.00 1.00
Yes 2.27 (1.55-3.32) 0.0001 2.13 (1.44-3.15) 0.0001
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Figure 3.3.5 UNIF- Probability of viral rebound weekly from achieving initial suppression
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Figure 3.3.6 UNIF- Probability of viral rebound above undetectable levels according to previous ART
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It was shown that the level of pre-HAART plasma HIV RNA was associated with the 

chance of initially achieving a viral load below 500 copies/mL In contrast, pre-HAART 

plasma HIV RNA was not significantly associated with the risk of viral rebound 

(p=0.96). Again, injecting drug users appeared to be at 40% higher risk of virological 

rebound than homosexual men. It may be noted that when the analysis was restricted 

to only previously antiretroviral-naïve patients, the CD4 count pre-therapy was no 

longer significantly associated with the risk of viral rebound (RH=0.94 per 100 cell/pl, 

95% 01:0.86-1.04, p=0.21).

Caution is needed when interpreting the difference between drug combinations in non

randomised studies. However, it is conceivable that patients starting NNRTI-containing 

regimens, given the low genetic barrier of this class of drugs (i.e. the low number of 

mutations required by NNRTI to develop phenotypic or clinically significant resistance) 

had more chance to develop resistance and consequently to experience virological 

failure'*® '̂^®. Similarly, patients starting three NRTI could be penalised in the long-term 

for starting a virologically less potent regimen than 2 NRTI + PI (RH=1.60, p=0.14). 

However, when the time to experience two consecutive viral loads above 50 copies/mL 

(from the time of achieving viral suppression below 50 copies/mL) was examined, type 

of HAART was no longer a strong predictor. Being naïve at the time of starting HAART, 

the number of new NRTIs started, and saquinavir as the only PI in the regimen, were 

the only factors independently associated with the outcome (data not shown). 

Treatment changes have been ignored in this analysis. However, since the focus was 

on patients who achieved a viral load s500 copies/mL while still receiving their first 

HAART regimen, most of the treatment switches that may have occurred are likely to 

be due to toxicity or inconvenience of the regimen rather than virological failure. These 

analyses confirmed that being antiretroviral-naïve at the time of starting HAART is the 

strongest predictor of a short term and longer-term virological response to therapy. 

Indeed, antiretroviral-naïve patients showed a better chance of achieving a viral load 

^500 copies/mL over the first 48 weeks of therapy as well as a higher chance of 

maintaining the viral load below this level compared to patients who were exposed to 

mono or dual therapy before starting HAART. This is also graphically illustrated in 

Figure 3.3.6. This finding is most likely explained by the development of drug 

resistance in patients previously exposed to sub-optimal therapy and it stresses the 

importance of always avoiding an appreciable level of replication under the selective 

pressure of antiretroviral therapy.
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3.3.4 CD4 count response in the UNIF database

Figure 3.3.7 shows the scatter plot of CD4 count after therapy with the fitted lowess 

curve that illustrates the clear tendency for the CD4 count to increase after the initiation 

of HAART therapy. The estimated median CD4 count increase from fitting a mixed 

linear model was 4.3 cells/jxl per month (25% quartile 2.1-75% quartile 6.6 cells/|xl). 

From fitting separate linear regression models for each individual (ordinary least 

squares method) a similar estimate was obtained: 4.0 cells/p,l per month (25% quartile

0.0 - 75% quartile 8.4 cells/jxl). To test whether there was a tendency for the CD4 

count increase to slow down in more recent years, the quadratic term for time from 

starting HAART was added to the model. The parameter for this term was highly 

statistically significant (p=0.0001), suggesting that CD4 count rise, on average, may 

actually slow down in the long term (Figure 3.3.7). This is probably partly due to 

patients reaching a level close to their “normal” CD4 count with no scope to increase 

any further'^®.

Only 608 patients (56.7%) with a CD4 count in the window 102-114 week from starting 

HAART were included in the analysis of the determinants of CD4 increase after 

HAART initiation. These patients were not different from those excluded in terms of 

age (p=0.48), proportion with AIDS (p=0.36), pre-therapy viral load level (p=0.76) and 

CD4 count (p=0.45). Several factors appeared to be independently associated with the 

change in CD4 count after two years of HAART. These included: pre-therapy viral load 

(the higher this level the lower the CD4 increase), age (CD4 count in patients aged 50 

or older increased less than in patients aged 30 or younger), and the average viral 

suppression over the two years of therapy (the larger the suppression the larger the 

CD4 increase. Table 3.3.5). The latter was very strongly associated with the CD4 

response as graphically illustrated in Figure 3.3.8. To rule out the possibility that the 

effect of pre-therapy viral load was an artefact of the inclusion in the multivariable 

model of both pre-therapy values and viral load change over the follow-up, a covariate 

defined according to both pre-therapy values and change in viral load was also 

created.
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Figure 3.3.7 UNIR- Scatter plot with lowess curve of CD4 count after initiating HAART
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Table 3.3.5 UNIF- Determinants of CD4 count increase after two years with HAART

Crude analysis Adjusted analysis
Factor Mean difference (95% Cl) p-value Mean difference (95% 01) p-value
HIV-RNA pre-HAART
(logio copies/m L)
<3 0 0
3-4 -44 (-153, +64) 0.42 -87 (-189, +15) 0.09
4-5 -18 (-124, +88) 0.74 -129 (-231,-27) 0.01
5-6 +32 (-72, +137) 0.54 -161 (-265, -56) 0.003
2:6 +53 (-57, +163) 0.35 -175 (-287, -63) 0.002
Age
<30 0 0
30-39 +26 (-19.3, +71.4) 0.26 +23 (-19, +65) 0.27
40-49 -19 (-70, +32) 0.46 -14 (-61,+34) 0.28
s50 -34 (-90, +21 0.22 -48 (-100, +4) 0.07
Mean HIV suppression
(logio copies/mL)

0 0 0.04
1-2 +37 (-13, +86) 0.14 +53 (+3, +102) 0.0001
2-3 +118 (+69, +166) 0.0001 +150 (+96, +204) 0.0001
^3 +187 (+142, +232) 0.0001 +231 (+170, +293)
Antiretroviral-na'ive
No 0 0
Yes +105 (+75, +136) 0.0001 +32 (-13, +78) 0.16
No. new drugs started
(per extra drug) +45 (+27, +62) 0.0001 -5 (-29, +19) 0.67



Figure 3.3.8 UNIF- CD4 count increase according to average viral load suppression 
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Table 3.3.6 UNIF- Adjusted analysis of combined effect of pre-therapy 
viral load and viral load change

Pre-HAART 
viral load 

(logio cps/mL)

Viral load 
change 

(logio cps/mL)

Mean (95% Cl) CD4 
count change 

(cells/^l)

p-value

<3 -60 (-184; +65) 0.35

3-4 <1 -173 (-244; -102) 0.0001
>1 -85 (-144; +27) 0.004

4-5 <1 -193 (-268; -119) 0.0001
1-2 -164 (-226; +103) 0.0001

-39 (-88; +10) 0.12

5-6 <1 -251 (-361; -141) 0.0001
1-2 -188 (-266; -110) 0.0001
2-3 -88 (-148; -28) 0.004

(reference) *̂) >3 0

>6 <1 -307 (-662; +49) 0.09
1-2 -208 (-347; -70) 0.003
2-3 -92 (-189; +6) 0.07
3-4 -118 (-50; -45) 0.002
>4 +6 (-50; +63) 0.83

"All mean changes refer to patients with a viral load pre-therapy of 100,000-1,000,000 copies/mL 

and >3 logio copies/mL suppression over follow-up: e.g. the average CD4 count change was 60 cells/pil 

lower in patients with a viral load pre-therapy <3 logic copies/mL compared to those with a viral load 

pre-therapy of 100,000-1,000,000 copies/mL and >3 logic copies/mL suppression.

The results of this analysis (shown in Table 3.3.6) confirmed that the increase in CD4 

count depends both on the pre-therapy viral load levels and on the viral load change. 

For a given pre-therapy viral load level, the greater the reduction in viral load 

suppression over follow-up, the smaller the difference in CD4 count change compared 

to the reference group (i.e. patients who, on average, experienced 2=3 logio copies/mL 

viral suppression over follow-up, after having started HAART with a viral load of 

100,000-1,000,000 copies/mL). This tendency was similar irrespective of the pre

therapy viral load level. In particular, the hypothesis of the presence of interaction 

between pre-therapy viral load and viral load reduction over follow-up was also formally 

tested in the linear regression model and the data did not support this hypothesis 

(p=0.97).
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3.4 Results -  the I.C0.N.A study
3.4.1 Study population of I.Co.N.A.

This analysis focuses on 1,700 previously antiretroviral-naiVe patients belonging to the 

I.Co.N.A. study who began antiretroviral treatment with at least three antiretroviral 

drugs and who had a measure of viral load and CD4 cell count available within at most 

26 weeks before starting HAART. Compared to the UNIF population, patients in 

I.Co.N.A. were enrolled more recently. The proportion of female patients is larger in 

I.Co.N.A. compared to UNIF (26.2%) and a much greater proportion of patients were 

exposed to HIV via heterosexual contacts (34.4%). At the time of starting HAART, HIV 

prognosis was similar to that observed in UNIF, with a median CD4 count of 267 

cells/pil (range: 1-1,368), a viral load pre-HAART of 4.88 logio copies/mL (range:2.70- 

6.72) and with 18.6% of the patients having already had at least one AIDS defining 

disease (Table 3.4.1). On average, viral load was measured less frequently than in the 

UNIF database (4 times per year, 25% quartile=3, 75% quartile=5). As far as the 

antiretroviral drugs included in the HAART regimen, a larger proportion of patients in 

I.Co.N.A. started with a combination including saquinavir-HG or ritonavir (Table 3.4.2) 

while, as shown in Table 3.3.2, indinavir was the most frequently used PI in the first 

HAART in UNIF. Some differences in the use of the NRTI were also noticeable 

between the two cohorts. In I.Co.N.A., very few patients started a regimen including 

didanosine+lamivudine as the nucleoside backbone (compared to 12.3% in UNIF), 

while around 10% (n=169) of the patients started combinations with

zidovudine+didanosine (or zalcitabine, n=152), regimens which were rarely seen in 

UNIF. These differences in drug use may be due to the difficulties associated with the 

management of a regimen containing both indinavir and ddl.

Figure 3.4.1 shows how clinical practice across Italy was also different from that of the 

Frankfurt clinic. Combinations including NNRTI were at their peak of popularity in 1998 

in Frankfurt and were replaced by the ritonavir-boosted PI combinations in more recent 

years, both in ART-naive and pre-treated patients.

In contrast, in 2001 the majority of patients enrolled in I.Co.N.A. appear to be offered 

an NNRTI-containing regimen as their first HAART. Also, the overall proportion of 

patients starting a single Pl-containing regimen in 2001 (around 30%) is much higher 

than that registered among the patients in UNIF. Of the patients who started HAART in 

2000 in I.Co.N.A (n=233) none were given a ritonavir-boosted regimen. It is also 

important to note that while UNIF is an open clinic cohort with continuous patients 

recruitment, patients in I.Co.N.A were recruited only in two distinct periods and, 

therefore, it is difficult to interpret such comparisons.
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Table 3.4.1 I.Co.N.A- Characteristics of the 1,700 ART-naive patients starting
HAART

Age median (range)
Years 35 (18-98)

Gender n(%)
Males 1264 (74.4)

Mode of HIV transmission n(%)
IDUs 638 (37.5)
Homosexual contacts 378 (22.2)
Heterosexual contacts 578 (34.0)
Other 106 (6.2)
Year of starting HAART n(%)
1997 592 (34.8)
1998 676 (39.8)
1999 193(11.4)
2000 233 (13.7)
2001 6 (0.4)
Pre-HAART AIDS n(%) 309 (18.2)
Pre-HAART HiV RNA (copies/mL)
501-5,000 109 (6.4)
5,001-20,000 285 (16.8)
20,001-50,000 316(18.6)
50,001-200,000 507 (29.8)
>200,000 483 (28.4)
Pre-HAART CD4 count (ceiis/pi)
<50 261 (15.4)
50-200 418 (24.6)
201-300 253 (14.9)
301-500 459 (27.0)
>500 309 (18.2)

105



Figure 3.4.1 I.C.o.N.A.- Percentage of patients starting various HAART regimens
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Table 3.4.2 I.Co.N.A- Description of HAART regimen started

HAART treatment started
2 NRTI + PI 1379(81.1)
2 NRTI + NNRTI 270 (15.9)
2 PI (1 being ritonavir) 31 (1.8)
3 NRTI 12 (0.7)
Other 8 (0.5)
Nucleoside RT Inhibitors started
Zidovudine 1,226 (72.1)
Zalcitabine 177 (10.4)
Didanosine 365 (21.5)
Stavudine 468 (27.5)
Lamivudine 1,168 (68.7)
Abacavir 7 (0.4)
Protease inhibitor started
Saquinavir hard gel 352 (20.7)
Saquinavir soft gei 10 (0.6)
Indinavir 738 (43.4)
Ritonavir 211 (12.4)
Nelfinavir 139 (8.2)
Non nucleoside RTi started
Delavirdine 2 (0.1)
Nevirapine 171 (10.1)
Efavirenz 103 (6.1)

Patients who started exactly 2 NRTI (n=1,687)
Nucleoside-backbone started
Zidovudine+lamivudine 897 (53.2)
Lamivudine+stavudine 252 (14.9)
Didanosine+stavudine 200 (11.9)
Zidovudine+zalcitabine 152 (9.0)
Zidovudine+didanosine 169 (10.0)
Other 17 (1.0)
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3.4.2 Initial viroloaical response to HAART in I.Co.N.A

When the time to reach a viral load s500 copies/mL was analysed in I.Co.N.A., results 

were similar to those obtained in the antiretroviral-naïve patients enrolled in UNIF, in 

that the proportion of patients with a viral load below 500 copies/mL was by 48 weeks 

from starting therapy was 80.6% (95% 01: 78.6-82.6). However, the pattern of initial 

virological response appeared to be different, with a slower rate of people reaching a 

viral load s500 copies/mL over the first 4-12 weeks. In contrast, a significantly lower 

proportion of patients appeared to have achieved a suppression ^50 copies/mL by 48 

weeks compared to the UNIF analysis: 37.9% (95% 01: 31.3-46.9, Figure 3.4.2).

Again, the proportional hazards model was used to identify subjects who had greater 

chance of achieving initial viral success. One thousand four hundred and sixty patients 

achieved a viral load below 500 copies/mL. Patients with a higher viral load before 

starting HAART and those starting with a single Pl-containing regimen (especially if 

saquinavir-HG) had a lower chance of achieving initial virological success compared to 

those with lower viral loads or those starting a Pl-sparing HAART regimen (Table 

3.4.3). Patients who acquired HIV through injecting drug use appeared to have 

reduced chance of achieving a suppressed viral load than patients infected through the 

other modalities of transmission. Further, patients with a higher CD4 count before 

starting therapy also appeared to have significantly greater chance of achieving viral 

suppression below 500 copies/mL compared to those with a lower CD4 count. 

However, in I.Co.N.A there is no current evidence for an association between pre

therapy CD4 count and virological response when restricting the analysis to patients 

with pre-therapy count >200 cell/pil (see chapter 5 for statistical analysis of this issue). 

Patients starting three NRTI still appeared to achieve a viral load below 500 copies/mL 

faster than patients starting with two NRTI and a PI (RH=2.21, 95% 01: 1.18-4.14, 

p=0.01). However, only twelve patients were receiving these drug combinations and 

may have been selected because of their particular favourable prognosis. Among 

these patients, two patients (16.7%) had started the combination 

stavudine+lamivudine+abacavir, three patients (25.0%)

didanosine+stavudine+lamivudine, one patient (8.3%)

zalcitabine+didanosine+stavudine, five (41.7%) zidovudine+lamivudine+abacavir, and 

one patient (8.3%) zidovudine+stavudine+lamivudine. Whilst in this analysis these 

regimens do not appear to be less potent virologically than regimens including 2 NRTI 

and a PI the number of patients is too small to draw firm conclusions.
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Figure 3.4.2 I.Co.N.A.- Probability of achieving undetectable viral load weekly after starting HAART
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The analysis aimed at the identification of predictors of the initial virological success 

was repeated after excluding patients who started HAART with saquinavir-HG as the 

only PI. One thousand three hundred and fifty-five patients were included in this 

analysis of whom 1,172 achieved a viral load below 500 copies/mL. After adjusting for 

demographics, mode of HIV transmission, and pre-therapy levels of CD4 and viral 

load, there was no longer a difference in the chance of achieving a viral load below 500 

copies/mL between patients starting two NRTI and a PI and those starting two NRTI 

and a NNRTI (RH=1.11, 95% 01:0.95-1.29, p=0.17), and patients starting a ritonavir- 

boosted Pl-containing regimen (RH=1.28, 95% 01:0.87-1.89, p=0.21).

3.4.3 Viral rebound after reaching undetectable viral load in I.Oo.N.A 

Of the 1,460 patients who achieved a viral load s500 copies/mL, 317 subsequently 

experienced two consecutive values >500 copies/mL The time to achieve the first of 

two viral loads above 500 copies/mL from reaching suppression below 500 copies/mL 

was similar to the time to relapse above 50 copies/mL from reaching suppression 

below this lower level (27.6% and 27.8% by 96 weeks since suppression, respectively. 

Figure 3.4.3).

Older patients appeared to be at lower risk of virological rebound (Table 3.4.4). The 

association between low pre-therapy CD4 count and the risk of viral rebound was not 

significant in this analysis. Interestingly, in the analysis including all patients, the risk of 

virological rebound was lower in those starting a regimen including two NRTI and a 

NNRTI compared to those starting two NRTI and a PI (p=0.01). In contrast, this risk 

tended to be higher in patients starting three NRTI compared to those starting two 

NRTI and a PI. Again, if saquinavir-HG was the only PI in their first HAART, patients 

had twice the risk of virological rebound than if they had started any other regimen. 

When patients receiving saquinavir-HG as a single PI were excluded from the analysis, 

the difference in risk of viral rebound between patients starting two NRTI and a PI and 

those starting two NRTI and a NNRTI was no longer significant (RH=0.68 95% Cl:

0.40-1.13, p=0.13). However, even if the analysis is based on a small number of 

patients, those who started three NRTI were confirmed to be nearly three times more 

likely to experience viral rebound compared to those starting two NRTI and a PI 

(RH=2.70, 95% Cl: 1.00-7.35, p=0.05).
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Table 3.4.3 I.Co.N.A- Factors associated with reaching a viral load below 500 copies/mL

Crude analysis Adjusted analysis
Factor RH (95% 01) p-value RH (95% 01) p-value
Age
10 years older 1.04(0.98-1.10) 0.22 1.04 (0.98-1.11) 0.18
Gender
Male 1.00 1.00
Female 0.96(0.86-1.09) 0.54 0.91 (0.80-1.04) 0.17
Modality of transmission
IDUs 1.00 1.00
Homosexual contacts 1.18 (1.03-1.36) 0.02 1.15 (1.00-1.33) 0.05
Heterosexual contacts 1.16(1.03-1.31) 0.02 1.17(1.02-1.33) 0.02
Other 1.25 (1.00-1.54) 0.05 1.28 (1.03-1.59) 0.02
Pre-HAART HiV-RNA
(per loQio copies higher) 0.84 (0.78-0.90) 0.0001 0.85 (0.79-0.91) 0.0001
Pre-HAART CD4 count
(per 100 cells/pil higher) 1.04 (1.02-1.06) 0.03 1.03 (1.00-1.05) 0.03
HAART regimen
2 NRTI + PI 1.00 1.00
2 NRTI + NNRTI 1.34 (1.16-1.54) 0.0001 1.25 (1.08-1.45) 0.003
2 NRTI + 2 PI (one RTV) 1.41 (0.96-2.07) 0.08 1.51 (1.03-2.23) 0.03
3 NRTI 2.38 (1.27-4.43) 0.007 2.21 (1.19-4.14) 0.01
other 0.71 (0.32-1.58) 0.40 0.65 (0.29-1.44) 0.29
HG-Saquinavir only Pi
No 1.00 1.00
Yes 0.62 (0.54-0.70) 0.0001 0.61 (0.54-0.70) 0.0001



Figure 3.4.3 I.Co.N.A.- Probability of viral rebound weekly from achieving initial suppression
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Table 3.4.4 I.Co.N.A- Factors associated with having a viral rebound above 500 copies/ml

Factor

Crude analysis Adjusted analysis

RH (95% 01) p-value RH (95% 01) p-value

Age
10 years older 0.86 (0.75-0.99) 0.04 0.85 (0.74-0.99) 0.03
Gender
Male 1.00 1.00
Female 0.94 (0.73-1.22) 0.63 0.89 (0.66-1.19) 0.43
Modality HIV transmission
IDUs 1.00 1.00
Homosexual contacts 0.76 (0.56-1.02) 0.07 0.78 (0.57-1.06) 0.12
Heterosexual contacts 0.82 (0.63-1.07) 0.14 0.88 (0.66-1.17) 0.38
Other 1.12(0.74-1.71) 0.59 1.19 (0.78-1.83) 0.42
HIV-RNA pre-HAART
(per loQio copies higher) 1.09 (0.93-0.27) 0.28 1.11 (0.94-1.31) 0.22
CD4 count
(100 cells/pil higher) 1.00 (0.95-1.05) 0.93 1.02 (0.97-1.07) 0.46
HAART regimen
2 NRTI + PI 1.00 1.00
2 NRTI + NNRTI 0.52 (0.32-0.86) 0.01 0.52 (0.32-0.86) 0.01
2 PI (one being RTV) 0.79 (0.25-2.47) 0.69 0.83 (0.27-2.60) 0.75
3 NRTI 2.26 (0.84-6.05) 0.11 2.19 (0.81-5.93) 0.12
Saqulnavlr-HG only PI
No 1.00 1.00
Yes 2.01 (1.59-2.54) 0.0001 2.03 (1.60-2.58) 0.0001
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3.4.4 CD4 count response in I.Co.N.A

Only 569 patients (33.5%) with a CD4 count in the window 102-114 week were 

included in this analysis. These patients were similar those excluded in terms of gender 

(p=0.29), mode of HIV transmission (p=0.14), proportion with previous AIDS diagnosis 

(p=0.77), age (p=0.57), and pre-therapy viral load (p=0.67). Figure 3.4.4 shows the 

scatter plot of CD4 count and the lowess curve against the time since initiation of 

HAART. The median CD4 count increase estimated in I.Co.N.A. was slightly larger 

than that observed in UNIF: 7.2 cells/pil (25% quartile 4.6-75% quartile 9.6 cells/jxl), 

from fitting the hierarchical linear model. The equivalent figures obtained with the 

ordinary least estimates separately for each patient were, again, similar: median = 6.5 

cells/pil (25% quartile 0.0 - 75% quartile 14.2 cells/^il). Also in this analysis, the estimate 

for the quadratic term of the time since starting HAART was negative and statistically 

different from zero (p=0.0001), suggesting that CD4 count increase may slow down in 

the long term (Figure 3.3.4).

Viral suppression over follow-up was confirmed as the strongest predictor of CD4 

reconstitution in this group of antiretroviral-naive patients. The effect of viral 

suppression on CD4 increase in I.Co.N.A. is shown in Figure 3.4.5. Co-infection with 

HCV as defined by HCV-Ab+ (see chapter 2 for details on the collection of markers of 

co-infection in I.Co.N.A) was significantly associated with the CD4 count response in 

the univariable regression model. In this analysis, the estimated average rise in CD4 

count was about 70 cells/pil lower in patients co-infected with HCV as compared to 

HCV-negative patients in the univariable analysis. However, this effect was no longer 

significant after adjusting for pre-therapy viral load, age, mode of HIV transmission, and 

average viral suppression over follow-up (Table 3.4.5). Similarly, age, which had been 

often indicated as one of the major determinants of CD4 count increase after starting 

HAART, was only weakly associated with the CD4 count response in this analysis.
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Figure 3.4.4 I.Co.N.A.- Scatter plot with lowess curve of CD4 count after initiating HAART 
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Figure 3.4.5 I.Co.N.A. -  CD4 count increase according to average viral suppression 
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Table 3.4.5 I.Co.N.A.- Determinants of CD4 count increase after two years with HAART

Factor
Crude analysis Adjusted analysis

Mean difference 
(95% 01)

p-value Mean difference 
(95% 01)

p-value

HIV-RNA pre-HAART
<3 0 0
3-4 -78 (-339, +183) 0.42 -129 (-383, +126) 0.32
4-5 -46 (-301, +208) 0.74 -146 (-396, +104) 0.25
5-6 -24 (-278, +231) 0.54 -176 (-429, +76) 0.17
^6 -3 (-280, +275) 0.35 -190 (-466, +87) 0.18
Age
<30 0 0
30-39 -8 (-64, +48) 0.26 -12 (-68, +44) 0.67
40-49 -6 (-74, +63) 0.46 -42 (-108, +25) 0.22
^50 +44 (-38, +126) 0.22 -21 (-102, +60) 0.61
Mode of HIV
transmission
IVDU 0 0
Homosexual contacts +92 (+40, +144) 0.001 +55 (-19, +129) 0.15
Heterosexual contacts +64 (+17, +110) 0.007 +37 (-32, +106) 0.29
Other +24 (-52, +101) 0.53 +5 (-84, +94) 0.91
Mean HIV suppression
(loQio copies/m L)

0 0
1-2 +81 (+17, +145) 0.14 +89 (+22, +154) 0.008
2-3 +160 (+98, +222) 0.0001 +178 (+111,245) 0.0001
>3 +182(+113, +251) 0.0001 +208 (+126, +289) 0.0001
HCV-antlbodles
-ve 0 0
+ve +69 (+30, +108) 0.001 +27 (-38, +92) 0.41



3.5 Interpretation and summary of results
3.5.1 Virological response to HAART

This chapter focussed on the analysis of the virological and CD4 count response to 

HAART in the two cohorts.

In both cohorts by 48 weeks of therapy, >80% of patients had achieved a virai load 

^500 copies/mL. The initial rate of virological response appeared to be slower in

I.Co.N.A. compared to UNIF however this is likely to be explained by the much higher 

frequency of viral load monitoring in UNIF. Thus, for example, the proportion of 

patients with viral load s500 copies/mL by week 4 in I.Co.N.A is expected to be low 

simply because very few patients would have a viral load measured so early after 

HAART initiation. The estimated proportion of patients who achieved a viral load ^50 

copies/mL by 48 weeks of therapy in UNIF was, however, much higher than that 

calculated for the I.Co.N.A. patients. The reason for this difference is less clear 

considering that the analysis of I.Co.N.A patients has been performed using only viral 

load measurements available after January 1, 1998. However, it is worth noting that

I.Co.N.A. is a multi-centre study so that ultra-sensitive assays could have been 

introduced at later time points in some of the centres, and this differential “time of use" 

of ultra-sensitive assays may have affected the Kaplan-Meier estimate of the rate of 

patients with viral load suppressed s50 copies/mL at the different time points. Indeed, 

a consistent proportion of viral loads collected during the follow-up (n=881 of 2,390 

total viral load measurements, 36.9%) had been measured using assays with cut-offs 

greater than 50 copies/mL even in patients who started HAART after January 1, 1998 

(data not shown).

A summary of the most important predictors identified in the two cohorts is provided in 

Table 3.5.1. Patients who started HAART when they were antiretroviral-naïve are 

those who have the best chance of experiencing a good virological response to 

therapy, both in terms of initial suppression of viral load and of maintaining this 

suppression. In these analyses, around 90% of antiretroviral-naïve patients achieved a 

viral load below 500 copies/mL (and about 80% below 50 copies/mL) by two years of 

treatment with HAART. Furthermore, oniy 30% of these patients experienced a viral 

rebound above 500 copies/mL (about 50% above 50 copies/mL) by three years from 

the date of initial suppression. This finding can be explained by the fact that patients 

who started HAART after being previously exposed to mono-dual therapy are likely to 

harbour viruses that are less susceptible to antiretroviral therapy or this may simply 

reflect poorer adherence to therapy in this group of patients. As mentioned before in 

this thesis, both drug resistance and poor adherence are well established as key
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factors affecting the chance of initial virological response as well as the chance of viral 

rebound'="'=^"°^'̂ ^.
Some patients who started HAART soon after the introduction of protease inhibitors 

suffered from receiving sub-optimal combinations (typically including saquinavir-HG as 

the only PI), that is known to have low bio-availability^®' ’̂ ®̂®. Despite the smaller number 

of patients in UNIF starting HAART with saquinavir HG as the only PI the results were 

consistent in the analyses of both cohorts emphasizing that patients who started these 

sub-optimal HAART combinations had a lower chance of achieving and maintaining 

virological success. This result has also been shown by a number of other analyses of 
observational cohort studies 174-176,181,191.193

Among the I.Co.N.A patients, regimens containing three NRTIs (typically including 

zidovudine, lamivudine and abacavir) appeared to be associated with a better 

response in the short term compared to the standard Pl-containing HAART. This is an 

interesting result considering that OT analyses could favour regimens that are 

associated with a higher rate of toxicity and consequently worse adherence (see 

chapter 2). However, the long-term consequences of being exposed to a regimen 

which to date, especially in patients with high viral loads, has not been convincingly 

shown to be as virologically potent as a PI- or NNRTI-containing regimens needs to be 

taken into account. Indeed, these same data show that the chance of virological 

rebound could be much higher in these patients than that observed in patients starting 

two NRTI and a PI. The number of patients in this analysis was small so confirmatory 

analyses on larger numbers and longer follow-up are needed. Furthermore, results 

should be interpreted cautiously since patients have not been randomised.

Another strong factor associated with the chance of achieving a suppressed viral load 

by a given time is the pre-therapy levels of viral load, which, in antiretroviral-naïve 

patients, can be taken as the natural viral load set-point^ '̂^^®°. The analysis performed 

in this chapter showed that the viral load pre-therapy is associated with both the time 

to achieve viral success and the absolute probability of being virologically successful. 

However, the analysis of UNIF cohort has shown that, in previously treated patients 

stating HAART, in the long-term, viral load may lose its prognostic value in favour of 

the CD4 count. Patients with better immunological conditions at the time of starting 

therapy appeared to have a greater chance of maintaining virological success, 

irrespective of their initial viral load. However, this result is still controversial, has not 

been confirmed by analyses of other cohorts^^®’^^’^̂®’ ®̂̂’̂ ®̂ and was previously found 

only in one cohort of pre-treated patientŝ ®®. It is conceivable that the significance of 

baseline CD4 count is different in groups of antiretroviral-naïve and pre-treated 

patients because it partly indicates the impact of, and perhaps therefore adherence to.
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past therapies as well as the natural underlying state of the patient’s infection. Further, 

in pre-treated patients, the number of new drugs started at the time of HAART was 

also found to be a strong predictor of the virological response.

In addition to the factors analysed here, there are obviously other factors that are 

known to affect the virological response to HAART. These are typically adherence, 

plasma drug concentration levels, and drug-resistance. Adherence data are not yet 

routinely collected in the cohort studies analysed in this thesis, and only limited 

measurements of adherence and plasma drug concentrations are available in a group 

of patients enrolled in I.Co.N.A. Interestingly, in I.Co.N.A., injecting drug users had a 

poorer virological response than patients who acquired HIV through other modalities of 

transmission after adjusting for all the other factors considered. It is conceivable to 

explain this result with poorer adherence to therapy in this group of patients. Indeed, 

mode of HIV transmission is often used as a “proxy” of adherence in analyses of 

cohort studies. The association between drug resistance and virological response to 

therapy is addressed in chapter 7 of this thesis.

Table 3.5.1 Summary of most important predictors in the two cohorts

Cohort
UNIF I.CO.N.A

Outcomes

Lower chance of initial IDUs IDUs

virological success Higher viral load High viral load

Pre-treated SQV as only PI

Less new drugs started PI-HAARTvs. 3NRTI

SQV as only PI

Higher risk of IDUs Younger age

virological rebound Lower CD4 count SQV as only PI

Pre-treated 3 NRTI vs. PI-HAART

SQV as only PI

NNRTI vs. PI

Lower chance of CD4 Higher viral load Lower VL suppression

response Lower VL suppression
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3.5.2 CD4 count response to HAART

After the initiation of HAART and over a period of follow-up of up to 108 weeks, the 

CD4 count increased, on average, by 4 to 7 cells/[xl per month. Assuming a linear 

increase, this means that it may take about 28 months for a patient receiving HAART 

to achieve an increase of at least 200 cells/fxi. This estimate is roughly in agreement 

with the plot of the raw CD4 changes observed in UNIF (Figure 3.3.8) and in I.Co.N.A. 

(Figure 3.4.5).

There is agreement at this point in time that the variability in CD4 count increase is 

mostly explained by the degree of virological suppression on HAART. Thus, from this 

analysis, the larger rise in CD4 count in antiretroviral-naïve patients and in pre-treated 

patients starting at least three new drugs, was completely explained by the greater 

decrease in viral load experienced by these patients.

Co-infection with HCV, age, and the CD4 nadir before therapy initiation have often 

been indicated as main predictors of CD4 count recovery on HAART®°®’®̂®‘®̂®. 

However, whether HCV infection is directly responsible for the lack of CD4 

regeneration or is simply a proxy for poor adherence needs further evaluation®^®’̂ ^̂ . In 

the analysis of the I.Co.N.A database, co-infection with HCV did not seem to provide 

prognostic information over and above the mean viral load suppression over follow-up, 

mode of HIV transmission and CD4 count pre-therapy. In the UNIF database the 

information regarding the HCV sero-status was not available (see Table 1.10.3).

In these analyses, age retained a marginally significant association with the CD4 count 

increase, after adjusting for the average virological suppression over follow-up. 

Specifically, CD4 count reconstitution appeared to be slower in older patients but this 

effect was rather small and confined to the comparison between very old and very 

young patients. However, the risk of AIDS is affected by age independently of CD4 

count and viral load so further data are needed to evaluate whether age should be 

taken into account when deciding the time of initiation of HAART (see chapter 5 for full 

discussion of this issue).
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CHAPTER 4: USE OF A TIME TO THERAPY FAILURE' APPROACH TO 

COMPARE TWO REGIMENS / REGIMEN TYPES: A STATISTICAL EXERCISE

4.1 Introduction
In chapter 2, the focus was on the definition of virological endpoints. Several methods 

have been illustrated and the advantages and disadvantages of each method 

described. Also, the ability of each method to handle switches in therapy, missing viral 

load data or right censored virological follow-up of patients were discussed. At this 

point in time, the time to virological-failure approach is less commonly used in 

published studies than other methods such as the proportion of patients with virological 

failure (success) at different time points. The latter method is very often used in 

analysis of clinical trial data. For example, the European Agency for the Evaluation of 

Medicinal Products (EMEA) in a document produced by the Committee for Proprietary 

Medicinal Products in May 2001 (www.emea.eu.int), listed the following virological 

endpoints to show the efficacy of a new compound:

- comparison of the percentage of responders (undetectable viral load or a reduction 

of at least 0.5 logio copies/mL depending on the pre-therapy viral load) at week 16

- comparison with respect to median viral load change from pre-therapy levels at 

week 16.

However, the popularity of the time to virological failure approach among investigators 

analysing both observational studies and clinical trials is increasing. For example, a 

“time to loss of virological response" analysis is recommended in the most recent FDA 

guidelines (August 1999) for traditional approval of antiretroviral drugs 

(www.fda.gov/cder/guidance/)- see chapter 2 for details.

The reason for the spread of the time to virological failure approach is certainly partly 

due to the flexibility and large potential of this method of analysis. The aim of this 

chapter is to extend the definition of time to virological failure to a more general 

definition of “time to therapy failure” and to try to show the aforementioned flexibility of 

this method. This chapter should also provide results that may help to choose a 

definition of virological outcome according to different clinical questions.

In the following sections, virological data of patients enrolled in I.Co.N.A. and UNIF 

were used to test the validity of the time to therapy failure approach in giving sensible 

answers to questions regarding the virological efficacy and tolerability of drug 

regimens.
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4.2 Analysis plan
I.CoMA
A set of analyses were performed which compared patients who had started the 

protease inhibitors (PI) HG-saquinavir (hard gel formulation) or ritonavir as the only PI 

contained in a HAART regimen (including exactly two nucleoside analogues). The 

choice of the regimens above was dictated by two observations: the bio-availability of 

saquinavir hard gel capsules, even in combination with two nucleoside analogues, is 

low and the frequency of toxicity (e.g. gastrointestinal toxicity) and metabolic disorders 

(e.g. hypertriglyceridaemia) associated with ritonavir is high. The aim of the analysis 

was to construct several definitions of time to therapy failure that would highlight the 

fact that HG-saquinavir containing HAART is virologically less potent but also 

associated with less toxicity than ritonavir-containing HAART regimens^
176,181,191,194,195,490

UNIF
Since not many patients used the protease inhibitor HG-saquinavir in UNIF, a different 

analysis plan was used for this cohort. The response to therapy was compared 

between antiretroviral-naïve patients who started combinations including a single PI 

(without a NNRTI), a ritonavir-boosted PI (without a NNRTI), and a NNRTI (without a 

PI). It has often been postulated that NNRTI-containing regimens have less toxic side- 
effects and are more easily tolerated than pp°5,49i-49s conversely, combinations 

including a ritonavir boosted PI are easier to take than single Pl-containing regimes'̂ ®®' 

Again, the "time to event” approach was used to test whether it would give answers 

that appear consistent with these hypothesis.

4.3 Definition of virologicai failure, therapy discontinuation, patients lost to 

virological foiiow-up and censoring strategies
As illustrated in chapter 2, in order to perform a time to therapy failure analysis a clear 

definition of therapy failure is needed. Furthermore, in patients who do not experience 

failure according to this definition, it is also crucial to identify the date at which follow- 

up should be right censored (we can only be certain that by this date they have not 

experienced failure). In the analyses shown in this chapter therapy failure could be due 

to virological failure or to therapy discontinuation. The date of virological failure was 

defined in two different ways in I.Co.N.A. and UNIF. The date of therapy 

discontinuation was defined in I.Co.N.A according to the reason given in the database. 

In contrast, in UNIF, all discontinuations that occurred before the defined date of 

virological failure were counted as discontinuation because of toxicity. The date of
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patients lost to virological follow-up was the same for both cohorts. A detailed 

description of these definitions follows.

Virological failure in i.Co.N.A
In I.Co.N.A, virological failure was defined as failing to achieve a viral load below 500 

copies/mL by week 24 from starting therapy or, in patients whose viral load had 

decreased below 500 copies/mL by week 24, as a rebound in viral load above 500 

copies/mL on two consecutive occasions. This is one of the definitions introduced in 

chapter 2 (see Figure 2.4.1 for a graphical illustration):

1) patients who have been followed-up for at least 24 weeks and whose viral load 

remained above 500 copies/mL over the first 24 weeks of therapy were defined as 

failures at week 24

2) patients whose viral load was suppressed before week 24 and subsequently 

rebounded on two consecutive occasions were defined as failures at the time of 

their first viral load >500 copies/mL

3) follow-up times of patients whose viral load was suppressed before week 24 and in 

whom suppression was sustained or those who did not suppress and their last viral 

load value was measured before week 24, were censored at the date of their last 

viral load measurement.

In fact, the current goal of antiretroviral therapy in clinical practice is to reduce viral 

load to a level below 50 copies/mL by 24 weeks of therapy. However, for the purpose 

of this exercise the cut-off of 500 copies/mL was used in order to include as many viral 

loads as possible. Further, in observational studies, clinical visits are not scheduled 

exactly at 8 or 12 week intervals and, whilst patients' viral load may decrease below 

undetectable levels by week 24, it will not be measured until the patient actually 

attends the clinic a few weeks later. As mentioned already in chapter 2, by choosing a 

cut-off of 24 weeks there is a risk of defining some patients as failures at week 24 even 

though they may have a viral load below detection between week 24 and, say, week 

32. However, since the objective of this exercise was not to estimate the exact rate of 

therapy failure but to illustrate a method of analysis, for simplicity a cut-off of 24 weeks 

has been adopted.
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Therapy discontinuation in i.CoMA
In the I.Co.N.A. database when a patient discontinues a certain drug, regardless of 

whether or not he/she switches to another regimen, clinicians are asked to report the 

reason for discontinuing. A coded computer form is provided in which reasons for 

discontinuing are categorised as follows: immunological failure, virological failure, 

clinical failure, evidence of drug-resistance, toxicity based on laboratory data, gastro

intestinal intolerance, hypersensitivity, lipodystrophy, other side effects/symptoms (i.e. 

CNS), lack of compliance, patient's decision, therapy simplification, clinical 

contraindications, and “other reasons”. The clinician is asked to choose only one of 

these reasons (i.e. the main one operating).

Since the aim of the analysis here was to compare the virological efficacy and 

tolerability of HG-saquinavir- and ritonavir-containing HAART regimens, the date of 

therapy discontinuation was defined as the date of first discontinuation of HG- 

saquinavir or ritonavir. However, when it was defined as the time of discontinuation of 

at least one of the drugs contained in the regimens including HG-saquinavir or 

ritonavir, the conclusions of the analysis were similar (data not shown). Intensification 

(i.e. the addition of a second PI or a NNRTI to the existing original regimen) occurred in 

a minority of patients (see next paragraph) and again, for simplicity, it was ignored.

Viroiogicai faiiure and therapy discontinuation in UNiF
Unfortunately, the reason for discontinuation is not routinely collected in the UNIF 

database as in I.Co.N.A, therefore only the virological data and the dates of therapy 

discontinuation (but not the reason) could be used to define therapy failure. Because of 

this lack of data, a more sensitive definition of virological failure was needed in order to 

distinguish therapy discontinuation because of therapy failure from a discontinuation 

due to other reasons (e.g. toxicity or patients’ decision). Therefore, patients defined as 

failures were those whose viral load measured between week 16 and week 24 was still 

above 500 copies/mL and who satisfied at least one of the following criteria:

1) had less then 1 logio reduction in viral load by week 4

2) had less than 1.5 logio reduction by week 8

3) had less than 2 logio reduction by week 12

4) had less than 2.5 logio reduction by week 16

The date of the earliest of these events was defined as the time of failure. Of patients 

who were not defined as failures before week 24, those who had two consecutive viral 

loads above 500 copies/mL after week 24 were defined as failures at the time of the

first value above 500 copies/mL. The cut-offs above were chosen by adapting those

reported in the US guidelines for the treatment of HIV infection (www.hivatis.org). In
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particular, as a conservative approach, at any point in time a viral load reduction was 

chosen that was higher than that “expected” by the experts who wrote the guidelines. 

This was done to minimise the risk that any discontinuation which occurred before the 

chosen definition of faiiure was actually due to the clinicians believing that a therapy 

change was needed because the patient was experiencing virological failure. As a 

consequence, it was felt that any drug-discontinuations that occurred before the 

chosen definition of failure could be treated as discontinuations that were not due to 

virological failure. In patients initiating a single PI- or a boosted Pl-based regimen the 

date of discontinuation was the first date of stopping a PI. In patients initiating a 

NNRTI-based regimen it was the date of stopping the NNRTI. However, this definition 

did not distinguish between discontinuations due to toxicity and those due to patients’ 

decision, consequently, the comparison of the time to discontinuation due to toxicity 

was not performed.

Patients lost to virological follow-up
Another crucial step in the pathway of defining the time to therapy failure is to define 

patients who are “lost to follow up” (i.e. patients who have not attended the clinic for 

such a long time that it would be inappropriate to assume that their virological, 

immunological and clinical status has remained unchanged since their last visit). For 

the purpose of this statistical exercise, the analysis focussed on the virological follow- 

up of the patients and compared the date of freezing of the database for the analysis 

with the date of the most recent viral load measurement. Patients who are not known 

to have died and whose most recent viral load was measured more than 12 months 

before the freezing date for the analysis were defined as lost to virological follow-up 

(e.g. patient B in Figure 4.3.1). In the following sections, patients who were lost to 

virological follow-up are alternatively called “virological drop outs”.
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Figure 4.3.1 Definition of patients lost to virological follow-up’

patients virological follow-up date of data freeze for the analysis

B

o Viral load measurement

.0.
Date of “ lost to virological follow-up”

❖

12 months

Time since enrolment in the cohort



Censoring strategies

As described in chapter 2, the comparison of the response to two different drug 

regimens can be affected by the fact that, as observation time goes by, for an 

increasing proportion of patients starting a certain treatment a viral load measured 

while they are still receiving that treatment will not be available. This may be due to 

several reasons including the fact that the patient had changed therapy or is lost to 

follow-up (i.e. according to the definition above had not come back for a visit for 12 

months or more).

Four different questions related to the comparison of different drug regimens are 

considered for this analysis and described in Table 4.3.1. When using a time to therapy 

failure approach, in order to give sensible answers to such questions the choice of 

what constitutes therapy failure and the way of treating therapy switches and missing 

viral load data are crucial. These choices are dictated by the censoring strategy. Table

4.3.1 also shows the name of the censoring strategies adopted for each of the 

questions:

Strategy 1) An analysis in which losses to follow-up and therapy discontinuations are 

defined as failures (discontinuation equals failure analysis or DEF)

Strategy 2) An analysis in which patients’ follow-up times are censored at the date of 

virological loss to follow-up or at the date of therapy discontinuation unless they 

discontinued because of virological failure (on-treatment analysis or OT)

Strategy 3) An analysis in which therapy discontinuations are ignored (ignore treatment 

changes analysis or ITC)

Strategy 4) An analysis in which treatment failure is defined at the time of 

discontinuation of therapy because of toxicity (that will be called TOX analysis).
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Table 4.3.1 Comparison between drug regimens A and B: four questions

Questions Analysis

1. What is the response to drug regimen A 

compared to drug regimen B taking into 

account simultaneously their virological 

potency and propensity to be 

discontinued?

2. What is the response to drug regimen A 

compared to drug regimen B only taking 

into account their virological potency?

3. What is the virological outcome of 

starting therapy with regimen A compared 

to starting with regimen B in “real life”?

4. Which drug regimen causes the higher 

rate of discontinuation due to toxicity?

Discontinuation equals failure 

(DEF)

On-treatment

(OT)

Ignoring treatment changes 

(ITC)

Stop for toxicity=failure 

(TOX)

4.4 HG-saquinavir and ritonavir: a comparison using the time to therapy faiiure 

approach in i.Co.N A.
531 patients enrolled in I.Co.N.A were included in the analysis. They all started one PI 

and two nucleoside reverse transcriptase inhibitors (NRTIs). In particular, 66% (n=350) 

started HG-saquinavir and two NRTIs, and 34% (n=181) started ritonavir and two 

NRTIs. Median age in the two groups was 34 years (range: 18-98), and 35 (range:20- 

65). Median CD4 count was 302 cells/pl (range: 1-1,178), and 183 (range:1-984). 

Median viral load was 4.80 logio copies/mL (range:2.76-6.72), and 4.96 (range: 2.80- 

6.65). Finally, the percentages of patients infected through injecting drug use were 

40.5%, and 44.2%, respectively.

For some patients the last available viral load was measured more than one year 

before the date of this analysis and these patients were defined as “lost to follow-up” at 

the date of the last viral load measurement. Other patients had discontinued ritonavir 

or HG-saquinavir before the end of virological follow-up and they did so for numerous 

reasons, including virological, immunological or clinical failure, drug-related toxicity 

(clinical signs and symptoms or abnormal levels of laboratory markers), or patient 

choice.
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Table 4.4.1. Chronology of events In 531 patients enrolled in I.Co.N.A. and details of censoring strategy adopted

Censoring strategy / approach

Chronology o f events N (%) DEF OT ITC TOX

Virological failure (VF) first event 258 (48.6) Failure at date 
of VF

Failure at date of 
VF

Failure at date 
of VF

Censored at 
date of VF

Stop due to patient’s choice 17(3.2) Failure at date 
of stop

Censored at 
date of stop

Censored at 
date of last VL

Censored at 
date of stop

Stop due to therapy failure 9(1.7) Failure at date 
of stop

f^ailure at date O# 
stop

Faiiure at 
of stop

Censored at 
date of stop

Stop due to toxicity 32 (6.0) Failure at date 
of stop

Censored at 
date of stop

Censored at 
date of last VL

Failure at date 
of stop

Stop due to patient’s choice then Drop-out 4(0.8) Failure at date 
of stop

Censored at 
date of stop

Failure at date 
of drop

Censored at 
date of stop

Stop due to therapy failure then Drop-out 2 (0.4) Failure at date 
of stop

Failure at date of 
stop

Failure at date 
of stop

Censored at 
date of stop

Stop due to toxicity then Drop-out 16(3.0) Failure at date 
of stop

Censored at 
date of stop

Failure at date 
of drop

Failure at date 
of stop

Stop due to patient’s choice then VF 38 (7.2) Failure at date 
of stop

Censored at 
date of stop

Failure at date 
of VF

Censored at 
date of stop

Stop due to therapy failure then VF 9(1.7) Failure at date 
of stop

Failure at date of 
stop

Failure at date 
of stop

Censored at 
date of stop

Stop due to toxicity then VF 53(10.0) Failure at date 
of stop

Censored at 
date of stop

Failure at date 
of VF

FÎÉü'rë at date 
of stop

Total patients -  Total Failure# 531 (100.0) 497 (93.6) 337 (63.5) 448 (84.4) 161 (30.3)

DEF=discontinuation equals failure; OT=on-treatment; ITC=lgnore treatment changes; TOX=Toxicity analysis 
Stop = drug discontinuation; Drop-out = last viral load measured more than 12 months before the date of the analysis 
VF = failure based on viral load data
When none of these events occurred, patients follow-up were censored at the date of the last viral load in all the approaches 
When drop-out was the first event, patients were defined as failure at the date of drop-out in all the approaches 
Stop due to therapy failure = discontinuation, reason given: virological failure



Figure 4.4.1 I.Co.N.A - Kaplan-Meier estimates of the probability of therapy failure using the DEF event-defining censoring strategy 
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Of the 328 patients who had a therapy switch over follow-up, 314 (95.7%) had 

discontinued HG-saquinavir or ritonavir and only 14 (4.3%) had intensified the original 

regimen (i.e. had started a second PI or a NNRTI before stopping either HG-saquianvir 

or ritonavir). As mentioned above, changes in the NRTIs and intensifications have 

been ignored.

Table 4.4.1 describes the number of patients studied according to the chronology of 

events observed (therapy discontinuation for reasons other than toxicity, therapy 

discontinuation because of toxicity, and virological failure based directly on the viral 

load measurements). Losses to virological follow-up are considered as therapy failure 

in all of the four strategies and have been omitted from the table. For each of the 

chronology of events a detailed description of the censoring analysis adopted in the 

four different analyses (DEF, OT, ITC, and TOX) is also provided. In the following 

paragraphs, the results of using each of these strategies are reported separately.

4.4.1 Strateav 1 : effectiveness + tolerabilitv (DEF analvsis)

The objective of this part of the analysis was to compare HG-saquinavir (in 

combination with two NRTIs) and ritonavir (in combination with two NRTIs) with respect 

to their virological potency (or effectiveness) and, simultaneously, their propensity to be 

discontinued. Thus, therapy failure-defining “events” were virological failure, drug 

discontinuation (irrespective of the reason), or virological drop out (Table 4.4.1). Time 

to therapy failure is then the time to experience the first of these events. This definition 

of the endpoint is exhaustive as all outcomes other than successful sustained 

virological suppression are counted as failures.

For example, a patient whose last viral load had been measured one month before the 

date of the analysis, whose viral load had decreased below 500 copies/mL at week 16 

without changing therapy, and who had discontinued ritonavir because of toxicity at 

week 18, would be defined as having an event at week 18 (event = stop due to toxicity 

in Table 4.4.1). This type of analysis can be defined as a “discontinuation equals 

failure” (DEF) analysis as a missing value for viral load due to therapy discontinuation 

determines an event or a “failure”. This often arises in clinical trials from 

pharmaceutical companies where patients' virological follow-up is stopped at the date 

of first therapy switch. In this sense, since all the patients originally receiving the HG- 

saquinavir-based or the ritonavir-based regimen are accounted for in the analysis, this 

follows the intention to treat principle. In section 4.4.3, another, less artificial, way of 

performing an intention to treat analysis will be presented.

In this section it will be shown what would intuitively be expected; i.e. that when the 

DEF strategy is adopted, the long term response to a drug which is potent virologically
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but not easily tolerated, appears to be similar to that of a drug which is less potent but 

is associated with a lower rate of early therapy discontinuation.

Table 4.4.2 shows the distribution of the other failure-defining events in the DEF 

analysis in the group receiving HG-saquinavir and in the group receiving ritonavir. It is 

clear that an event such as virological drop out occurs in around 11-12% of the 

patients in clinical practice and this is equally distributed in the two arms (n=37 in HG 

saquinavir and n=22 in ritonavir-containing arm). All these patients were defined as 

therapy failures at the time of virological drop out. However, sequences involving 

therapy discontinuations because of toxicity were more frequent in patients who started 

ritonavir-containing regimens compared to those starting HG-saquinavir-containing 

regimens (highlighted in yellow). Similarly, as anticipated, a higher percentage of 

patients experiencing virological failure were observed in the group of patients starting 

HG-saquinavir (highlighted in green).

Figure 4.4.1 shows the Kaplan-Meier estimates of therapy failures when the DEF 

censoring strategy was adopted. Over the first 24 weeks, the rate of failure was clearly 

greater in the group of patients who had started ritonavir. This, however, was due to 

the fact that over the first 24 weeks of therapy ritonavir discontinuations (due to 

toxicity) are much more frequent than HG-saquinavir discontinuation and that 

discontinuations due to toxicity are a failure-defining event in this analysis. Indeed, at 

week 24, when patients who had still not suppressed their viral load below 500 

copies/mL were defined as failure at this point in time, the Kaplan-Meier estimate of the 

probability of failure in the HG-saquinavir arm equals that of the ritonavir arm. This was 

probably due to the fact that the risk of failing to achieve a viral load below 500 

copies/mL by week 24 is far greater in patients receiving HG-saquinavir compared to 

those receiving ritonavir arm. Also after week 24 there was no appreciable difference in 

rate of failure between the two groups suggesting that, when comparing patients who 

had achieved viral suppression, the rate of therapy failure (constituted by virological 

rebound, switching or stopping therapy) after week 24 would be similar in the two 

groups.
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Table 4.4.2 Description of the failure-defining events in patients receiving HG-saquinavir and ritonavir 

(DEF analysis)

Chronology
HG-SQV RTV DEF Strategy

No event 18 (5.1) 16(8.8) Censored at last 
VL

Virological failure first event 216(61.7) 42 (23.2) Failure at VF
Drop-out first event 37 (10.6) 22(12.2) Failiure at drop
Stop due to patient's choice 13(3.7) 4(2 2) Failure at stop
Stop due to therapy failure 8(2  3) 1 (0.6) Failure at stop
Stop due to toxicity 9 (2.6) 23(12.7) Failure at stop
Stop due to patient’s choice then Drop 3 (0.9) 1 (0.6) Failure at stop
Stop due to therapy failure then Drop 2 (0.6) 0 (0.0) Failure at stop
Stop due to toxicity then Drop 1 (0.3) 15(8.3) Failure at stop
Stop due to patient’s choice then VF 20 (5.7) 18(7.2) Failure at stop
Stop due to therapy failure then VF 8(2  3) 1 (0.6) Failure at stop
Stop due to toxicity then VF 15(4.3) M 38 (21.0) Failure at stop

Total 350 (100.0) 181 (100.0) 531 (100.0)
Censored 18 (5.1) 16(8.8) 34 (6.4)
Failures 332 (94.9) 165 (91.2) 497 (93.6)

The Kaplan-Meier estimate of the probability of failure at week 12 in the ritonavir arm 

(0.29, 95% Cl: 0.22-0.36) was significantly higher than that in the HG-saquinavir arm 

(0.08, 95% Cl: 0.05-0.11) which was explained by the higher rate of ritonavir- 

associated toxicity. However, there was no difference between the two groups at week 

48: (0.76, 95% Cl: 0.70-0.82) in the ritonavir and (0.76, 95% Cl: 0.71-0.81) in the HG- 

saquinavir group, respectively. Several tests to compare the two curves over the whole 

period were carried out yielding conflicting results (log-rank test p=0.04, Wilcoxon 

p=0.0001, and likelihood ratio test p=0.86). This is due to the fact that these methods 

give different weights to events occurring at different time points during the observation 

period. Thus, the p-values for the log-rank and Wilcoxon tests, which give higher 

weights to events occurring earlier in time, were significant while the likelihood ratio 

test yielded a non-significant result. In conclusion, from this analysis, in which both 

discontinuations and virological failures were considered as therapy failure (i.e. HG- 

saquinavir and ritonavir were compared in terms of a combined measure of their 

virological potency and tolerability), in the longer term these two drugs appeared to be 

equivalent.

4.4.2 Strategy 2: effectiveness (OT analvsis)

In some cases it may be of interest to compare two drug regimens just in terms of their 

potency in suppressing viral replication. In order to do this, the previous analysis is
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modified by eliminating the tolerability component from the outcome. Thus, in this 

analysis, follow-up times of patients who had discontinued therapy because of toxicity 

or patients’ decision before failure were no longer defined as failures but were right- 

censored. Virological failure (failing to suppress before week 24 or relapsing after initial 

suppression) and discontinuing because of virological failure as reported by clinicians 

were defined as failure (Table 4.4.1). Virological drop-outs were still defined as therapy 

failure. For example, if a patient's viral load had decreased below 500 copies/mL by 

week 24 and this patient had discontinued one of the drugs in the regimen because of 

toxicity at week 32, and the most recent viral load was measured one month before the 

date of the analysis, this patient’s follow-up would be censored at week 32 (Table

4.4.1). This kind of analysis is often called an “on-treatment” (OT) analysis as patients’ 

viral loads are considered for defining failure only if measured when the patients were 

still receiving the original treatment.

Table 4.4.3 Description of the failure-defining events in patients receiving HG-saquinavir and ritonavir (OT 
analysis)

Chronology
HG-SQV RTV OT

Strategy
No event 18(5.1) 16(8.8) Censored at last 

VL
Virological failure #rst event 216(61.7) 42 (23.2) Failure at VF
Drop-out first event 37 (10.6) 22(12.2) Failure at drop
Stop due to patient’s choice 13(3.7) 4(2 2) Censored at 

stop
Stop due to therapy failure 8 (2.3) 1 (0.8) Failure at stop
Stop due to toxicity 9 (2.6) 23 (12.7) Censored at 

stop
Stop due to patient’s choice then Drop 3 (0.9) 1 (0.6) Censored at 

stop
Stop due to therapy failure then Drop 2 (0.6) 6(0.0) Failure at stop
Stop due to toxicity then Drop 1 (0.3) 15(8.3) Cmsored at

stop
Stop due to patient’s choice then VF 20 (5.7) 18(9.4) Censored at

stop
Stop due to therapy failure then VF 8(&3) 1(0-6) Failure at stop
Stop due to toxicity then VF 15(4.3) 38 (21.0) Censored at 

stop

Total 350 (100.0) 181 (100.0) 531 (100.0)
Censored 79 (22.6) 115(63.5) 194 (36.5)
Failures 271 (77.4) 66 (36.5) 337 (63.5)

135



Figure 4.4.2 I.Co.N.A - Kaplan-Meier estimates of the probability of therapy failure using the OT event-defining censoring strategy 
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Table 4.4.3 shows the distribution of failure-defining events in this modified analysis. 

Three hundred and thirty-seven patients (63.5%) were defined as failures in this 

analysis (as also shown at the bottom of Table 4.4.1). For the majority of the virological 

failure-defining events observed, the percentage of patients in the HG-saquinavir arm 

was higher than the percentage in the ritonavir arm (in green in Table 4.4.3).

However, in this OT analysis, discontinuations due to toxicity (in yellow) were no longer 

therapy failure-defining events and did not compensate in favour of HG-saquinavir as 

in the previous analysis. Overall, failing to achieve a viral load below 500 copies/mL by 

week 24 was more common than experiencing a viral rebound. As already shown, the 

risk of failure was much greater in the HG-saquinavir arm (61.7%, 216 out of 350 

patients) than in the ritonavir arm (23.2%, 42 out of 181 patients) and was mainly due 

to an initial lack of suppression rather than to viral rebound. This is illustrated by Figure

4.4.2 that shows the Kaplan-Meier estimates of the probability of therapy failure in the 

two arms. The “jump” in the curve at week 24 (given by the proportion of patients 

failing to achieve a viral load below 500 copies/mL by this time) is significantly greater 

in the HG-saquinavir arm compared to the ritonavir arm. This is similar to that seen 

when using the DEF strategy because it is driven by the virological failures (Figure

4.4.1) and the result is probably explained by the difference in bio-availability of these

The probability of experiencing therapy failure after week 24 in the ritonavir group in 

this OT analysis was similar to that observed in the DEF analysis. However the 

cumulative probability of failure up to week 24 was much lower in the OT analysis 

because discontinuations were not counted as failures. This explains why, when taking 

into account the entire observation period, the difference in therapy failure between the 

two drugs was highly significant (log-rank p=0.0001, Wilcoxon p=0.0001, likelihood 

ratio p=0.0001).

Moreover, as in the DEF analysis, the rate of viral rebound following week 24 did not 

appear to differ significantly between the two groups of patients (note that for some 

patients the viral rebound may have occurred before week 24 with no difference in the 

rate of failure between the two arms, Figure 4.4.2). Overall, it is possible to conclude 

that, given the far greater rate of virological success at week 24 in the ritonavir arm, 

probably due to its better absorption, ritonavir in combination with two NRTIs appears 

to be superior to HG-saquinavir (also in combination with two NRTIs) in suppressing 

viral replication (log-rank p=0.0001).
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4.4.3 Strategy 3: ignore treatment changes (ITC analysis)

Rationale for this strategy and interpretation of resuits
If the aim of the analysis is to provide an estimate of the drug’s effectiveness under 

“real-life” conditions, the analysis should be conducted on an ITT basis. This kind of 

analysis is often known as a pragmatic anaiysis whose objective is to compare 

treatment strategies rather than a specific treatment. So, for example, as observed in 

the previous section, only a small percentage of patients starting a combination 

including ritonavir are likely to remain on this treatment by 24 weeks of therapy. This is 

generally due to drug-related toxicity or intolerance with potentially undesirable 

consequences for the patient’s future prognosis (e.g. the possible effect of toxicity on 

the response to second-line treatment, reduced number of options, etc.). As mentioned 

in chapter 2 one way of conducting the analysis on an ITT basis when using a time to 

event approach is to completely ignore treatment changes for the assessment of the 

outcome (ITC analysis). Treatment changes are, however, described and taken 

account of in the overall interpretation. If the ITC strategy is adopted, these patients 

would still be considered to belong to the group whose policy was the use of ritonavir in 

their first HAART regimen. One benefit of using the ITC strategy is that, since patients 

who stop or switch treatments are often those who are experiencing the worst 

response or the greatest adverse effects, by keeping these patients in their original 

treatment group, the results may be protected from a bias towards more favourable 

responses. Using this approach, the rate of therapy-failure in patients receiving either 

ritonavir and HG-saquinavir would then depend not only on the effectiveness of these 

drugs (in combination with two NRTIs) “per se” but also of the second and third line 

regimens consequent on the use of these drugs as a first HAART regimen. This is an 

important point as from this perspective this approach gives some insight on the 

potential longer-term consequences (i.e. overlapping toxicities, cross resistance, etc.) 

of using these drugs as first line treatment in terms of the future management of the 

patients. However, a caveat of this analysis is that the interpretation of the long-term 

response may not be applicable to current real-life responses of patients in the clinic. 

This is because, when the data have been collected, the common practice was to 

switch patients who discontinued ritonavir because of toxicity to another Pl-containing 

HAART while nowadays patients are most likely switched to a NNRTI-containing 

HAART.

Further, if the aim of the analysis is to compare the long term outcome of two 

consecutive drug regimens, the time to second virological failure (rather than the first 

as defined here) may be the best analytical approach as suggested by some 

investigators of the ACTG 384 group®°\
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Results
Table 4.4.4 shows the chosen censoring strategy compatible with an ITC strategy in a 

time to virological failure analysis: therapy discontinuations due to toxicity or patients' 

decision are ignored (i.e. follow-up times are censored at the date of last viral load), 

patients who had a virological drop-out were treated as failures and virological failures 

or discontinuations due to virological failures were defined as therapy failures. As 

shown in Table 4.4.4, this analysis is similar to the previous DEF analysis (Table 4.4.1) 

with the difference that discontinuations of the initial treatment because of toxicity or 

patients’ decision have been ignored instead of being therapy failure-defining events 

(in yellow). Also, if a discontinuation due to toxicity or patients’ decision was followed 

by a failure-defining event (virological drop-out or virological failure) then patients were 

defined as failures at the date at which the failure-defining event occurred rather than 

at the time of therapy-stop (i.e. the time to failure was moved later in time compared to 

the DEF analysis. Table 4.4.1 - in green). As a consequence, the estimate of the risk of 

failure in the ritonavir arm falls in between that calculated using the DEF and the OT 

analyses: the proportions with virological failure were 76.2% (138 out of 181 patients) 

in this ITC analysis, compared to 91.2% (n=165) and 36.5% (n=66) in the DEF and OT 

analyses, respectively. Similarly, in the HG-saquinavir arm, 88.6% of the patients (310 

out of 350) were defined as failures compared to 77.4% (n= 271) in the OT analysis 

and 94.9% (n=332) in the DEF analysis. Part of the explanation for this is that the 

discontinuations due to toxicity are no longer considered as failures (as in the DEF 

analysis) but neither is follow-up censored at the date of therapy stop (as in the OT 

analysis). Patients are instead defined as failures if they subsequently experience 

virological failure or if they have a virological drop-out on the new regimen.

In light of these results, the OT approach gives a lower overall estimate of the rate of 

virological failure compared to the ITC. The whole point of this statistical exercise was 

to show the flexibility of the time to therapy failure approach to compare drug regimens 

according to different questions set out to answer. The OT method tries to compare the 

underlying efficacy of the two drugs. It is indeed conceivable that patients who are 

discontinuing HG-saquinavir or ritonavir because of a personal decision or because of 

toxicity, are a selected population of patients who are less likely to be fully adherent to 

the subsequent prescribed regimen. Because of that, these patients have a high 

probability of eventual virological failure and these events are counted as failure by the 

ITC approach. In contrast, these patients are not counted as failures by the OT 

approach because they do not reflect a failure of the intrinsic efficacy of the regimen. In
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other words, the virological follow-up in the ITC analysis is longer than that used in the 

OT analysis.

As discussed in chapter 2, the proposed OT analysis does not introduce the bias 

generally introduced when using the corresponding OT analysis of the proportion of 

patients with undetectable viral load at week 24. This is because in a time to event 

analysis, virological failures occurring before the analysis time point are taken into 

account and follow-up times are censored only in patients who discontinue the drug 

because of toxicity or personal decision before virological failure. Further, the 

difference in rate of therapy failure at week 24 in the OT and ITC analysis is clearly 

more marked in the ritonavir than in the HG-saquinavir arm (Figures 4.4.2 and 4.4.3). 

Intuitively, the higher ITC-estimate of the rate of the week 24 therapy failure in the 

ritonavir group may be due to the fact that, in the OT analysis, follow-up of patients 

who had a treatment discontinuation for toxicity or discontinued because of personal 

reasons before week 24 was right-censored at that time. In contrast, in the ITC 

analysis, these patients are considered failures at any time after this change in 

therapy. Indeed, among the 160 patients who discontinued due to toxicity or personal 

decision prior to experiencing virological failure, in the ritonavir arm 38.4% of patients 

(38 out of 99) who discontinued because of toxicity then experienced virological failure 

(vs. 15 out of 61, 24.6% in the HG-saquinavir arm) and 18 (18.2%) of patients who 

discontinued because of personal reasons then experienced virological failure (vs. 

n=20, 32.8% in the HG-saquinavir arm). In other words, the rate of failure in patients 

who discontinued ritonavir before week 24 was higher than the rate of failure in those 

who did not discontinue.
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Figure 4.4.3 I.Co.N.A - Kaplan-Meier estimates of the probability of therapy failure using the ITC event-defining censoring strategy 
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Table 4.4.4 Description of the failure-defining events in patients receiving HG-saquinavir and ritonavir (ITC 
analysis)

Chronology
HG-SQV RTV ITC

Strategy
No event 18(5.1) 16(8.8) Censored

Virological failure first event 216 (61.7) 42 (23.2) Failure at VF
Drop-out first event 37(10.6) 22 (12.2) Failure at drop
Stop due to patient’s choice 13(3.7) 4(2.2) Censored at last 

VL
Stop due to therapy failure 8 (2.3) 1 (0.6) Failure at VF
Stop due to toxicity 9 (2.6) 23(12.7) Coisored at last 

VL
Stop due to patient’s choice then Drop 3 (0.9) 1 (0.6) Failure at drop
Stop due to therapy failure then Drop 2 (0.6) 0(0.0) Failure at stop
Stop due to toxicity ttien Drop 1 (0.3) ■’ 1 5 # $ ) Failure at drop
èéop due to patient’s choice then VF to  (7.2) 18 (9.9) Failure at VF
Stop due to therapy failure then VF 8 (2.3) 1 (0.6) Failure at stop
Stop due to toxicity then VF 15(4.3) 38 (21.0) Failure at VF

Total 350 (100.0) 181 (100.0) 531 (100.0)
Censored 40 (11.4) 43 (23.8) 83 (15.6)
Failures 310(88.6) 115(76.2) 448 (84.4)

Therefore, this analysis also indirectly suggests that the rate of failure after 

discontinuing ritonavir because of toxicity is higher than that after discontinuing HG- 

saquinavir because of toxicity. This may have occurred because of complications due 

to this toxicity or cross-resistance or both. Indeed, for around 28% of these patients the 

second regimen also contained a PI (only 10% of second regimes contained a NNRTI 

and the remaining 62% of patients just dropped the PI). Thus, it is conceivable that 

patients missing doses of ritonavir because of intolerance may have developed 

ritonavir-resistant virus that were also less susceptible to other Pis. In contrast, Pl- 

resistant virus may have not developed in patients receiving HG-saquinavir due to the 

low selective pressure of this drug.

However, there was also a proportion of patients who suppressed viral load after the 

change in therapy and these are counted as successes in the ITC analysis. This 

explains why the rate of therapy failure at week 24 is still significantly lower in the 

ritonavir arm compared to the HG-saquinavir arm (Figure 4.4.3, log-rank p=0.02, 

Wilcoxon p=0.03, likelihood ratio p=0.005). It may be noted that there was no 

appreciable difference between the rate of virological rebound before or after week 24 

in the two groups (Figure 4.4.3).

So, what is the better treatment strategy (between HG-saquinavir + 2 NRTIs and 

ritonavir + 2 NRTIs) in antiretroviral-naive patients who seek to start therapy? In light of
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the difference in therapy failure at and after week 24 (log-rank p=0.02), this analysis 

seems to suggest that the ritonavir-containing regimen should be preferred. However, 

it is important to note that, whilst the question above is relevant in general, the specific 

comparison is not as it was only chosen for illustration of the time to event approach. 

Indeed, neither of these regimens (HAART with ritonavir or HG-saquinavir as the only 

PI) is commonly used or recommended as first line HAART in clinical practice 

todaŷ ®®’̂ ®®.

4.4.4 Strateav 4: toxicitv analvsis (TOX)

Finally, an analysis can be carried out to evaluate which of these two drug regimens 

appear to cause more discontinuations of HAART due to toxicity. This is a very 

important issue especially for patients who are starting antiretroviral therapy for the first 

time as they should be informed not only about the possible virological benefits 

associated with anti-HIV drugs but also about their propensity to cause toxicity which 

may lower the quality of their life. In order to answer this question the event-defining 

censoring strategy was, again, different. The definition of the date of therapy 

discontinuation due to toxicity in I.Co.N.A was given in paragraph 4.3. The time 

between the initiation of HAART with HG-saquinavir or ritonavir and this date was the 

defined time to therapy failure. As in the previous analyses, a virological drop-out was 

also a failure-defining event. In contrast, for patients who experienced virological 

failure, their follow-up was censored at the date of virological failure (Table 4.4.1).

The reduced number of failure-defining discontinuations compared to a DEF analysis is 

explained by the fact that only the discontinuations reported to be due to toxicity were 

counted as failures in this analysis. However, the rate of therapy discontinuation 

because of toxicity was significantly higher in patients who had started ritonavir than in 

patients who had started HG-saquinavir (42.0% {n=76} vs. 7.1% {n=23}, in green in 

Table 4.4.5). This component was sufficient to show a difference in favour of HG- 

saquinavir in this analysis as virological failure was not a failure-defining event (in 

yellow). These data then suggest that ritonavir causes more toxicity. This has been 

reported in other studies which have evaluated both clinical and laboratory adverse 

effects associated with the use of ritonavir®®̂ ®®"̂  and was confirmed by the Kaplan- 

Meier analysis (Figure 4.4.4).
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Figure 4.4.4 I.Co.N.A - Kaplan-Meier estimates of the probability of therapy failure using the TOX event-defining censoring strategy
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Table 4.4.5 Description of the failure-defining events in patients receiving HG-saquinavir and ritonavir 
(TOX)

Chronology
HG-SQV RTV TOX

Strategy
No event 18(5.1) 16(8.8) Censored at la ^  

VL
Virological failure first event 216(61.7) 42 (23.2) C^eoredatVF
Drop-out first event 37 (10.6) 22 (12.2) Pailure at drop
Stop due to patient’s choice 13(3.7) 4(2.2) bensoned at 

stop
Stop due to therapy failure 8 (2.3) 1 (0.6) Cwsored at 

stop
Slop due to toxicity 0(2.6) 23 (12.?) Failure at stop
Stop due to patient's choice then Drop 3 (0.9) 1 (0.6) Censored at 

stop
Stop due to therapy failure then Drop 2 (0.6) 0(0.0) Censored at 

stop
Stop due to toxicity then Drop 1 (0.3) 15(8.3) Failure at stop
Stop due to patient’s choice then VF 20 (5.7) 18 (9.9) Censored at 

stop
Stop due to therapy failure then VF 8 (2.3) 1 (0.6) Censored at

stop
Stop due to toxicity then VP 15(4.3) 38 (21.0) Failure at stop

Total 350 (100.0) 181 (100.0) 531 (100.0)

Censored 287 (82.0) 83 (45.9) 370 (60.7)
Failures d:(i8 .o ) 98 (54.1) l6 l (30.3)

The probability of therapy failure due to the fact that patients had to discontinue the 

treatment because of its adverse effects was significantly higher in the ritonavir group 

throughout the entire period of follow-up (log-rank test p=0.0001, Wilcoxon p=0.0001, 

likelihood ratio p=0.0001 ).

The conclusion of this analysis is that the chance of developing drug-related toxicity is 

higher in patients who started the ritonavir-containing HAART regimen than in those 

who started the HG-saquinavir-containing HAART regimen. However, some caveat of 

this strategy need to be pointed out. Firstly, the fact that some discontinuations for 

which the reason given was “patient’s choice” could be in reality “hidden” 

discontinuations due to toxicity. Therefore, the overall rate of stop because of 

discontinuation could have been underestimated. Secondly, also discontinuations due 

to virological failure may have been determined by poor adherence that, in turn, could 

have been the consequence of drug-related toxicity so that, once again, the real impact 

of toxicity may have been underestimated in this analysis. A problem with the 

interpretation of all these findings, irrespective of the strategy used, is the fact that the 

results of Kaplan-Meier analyses are not adjusted for possible confounders.
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4.5 Single PI, ritonavir-boosted PI, and NNRTI: a comparison using the time to 

event approach In UNIF
Six-hundred and sixty-eight patients who started either a single Pl-containing HAART 

(n=376, 54.7%), or a ritonavir-boosted Pl-containing regimen (n=73, 10.6%) or a 

NNRTI-containing HAART regimen (n=239, 34.7%) were included in this analysis. 

Median age in the three groups was 36 years (range: 18-66), 38 (range;24-64), and 36 

(range:20-71). Median CD4 count was 203 cells/fxl (range:2-1,035), 69 (1-866), and 

266 (range: 1-836). Median viral load was 5.58 logio copies/mL (range:2.78-6.73), 5.44 

(range:2.95-6.11), and 5.16 (range: 2.85-6.70). Finally, the percentages of patients 

infected through homosexual contacts were 55.3%, 42.5%, and 31.8%, respectively. 

Non-nucleoside reverse transcriptase inhibitors have been shown in clinical trials to be 

equally potent to protease inhibitors but also more easily t o l e r a t e d ^ S i m i l a r l y  

ritonavir-boosted Pl-based combinations have been shown to be as potent as single-PI 

combinations with the advantage that they are easier to ta ke ^*^ . Therefore, the basic 

idea of the exercise in section 4.4 was maintained, in that one group of patients was 

receiving a combination that was potentially less tolerable than the other two groups. 

However, unlike the case of HG-saquinavir and ritonavir, there is no evidence that the 

intrinsic virological potency of the three regimens in naïve patients is different. 

Although, a recent report has shown no difference in the rate of discontinuations due to 

toxicity between Pl-based and NNRTI-based therapy over the first two years of 

HAART®°®, more data from observational studies are needed to draw firm conclusions 

regarding the rate of discontinuations according to drug classes in “real life". Because 

of the adopted definition of virological failure, dates of stopping a PI or a NNRTI could 

only refer to discontinuations as “not due to virological failure”. In the I.Co.N.A analysis 

this was guaranteed by the fact that a reason for discontinuation is given by the 

clinician that is routinely checked with the viral load values measured around the time 

of discontinuations due to virological failure (see Table 1.10.1). Consequently, the 

chronology of events in this analysis was much simpler compared to the I.Co.N.A 

scenario. Table 4.5.1 illustrates the events experienced by UNIF patients over follow- 

up and the censoring strategy used in the DEF, OT, and ITC analyses. It may be noted 

that the TOX analysis could not be performed since the chosen definition of therapy 

failure did not allow between therapy discontinuations due to toxicity and patients’ 

decision to be distinguished. By definition, the rate of therapy failure was the highest 

for the DEF approach, intermediate for the ITC approach and lowest for the OT 

approach (Table 4.5.1).
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Table 4.5.1. Chronology of events in 688 antiretroviral-naiVe patients enrolled in UNIF and details of censoring strategy 

adopted

Censoring strategy

Chronology N(%) DEF OT rrc
No event 164 (23.8) Censored 

at last VL
Censored 
at last VL

Censored 
at last VL

Virological failure (VF) first event 126(18.3) Failure at 
VF

Failure at 
VF

Failure at 
VF

Virological drop-out first event 44 (6.4) Failure at 
drop

Failure at 
drop

Failure at 
drop

PI / NNRTI discontinuation (not due to failure) 182 (26.5) Failure at 
stop

Censored 
At stop

Censored 
at last VL

Discontinuation (not due to failure) then Drop-out 37 (5.4) Failiure at 
stop

Censored 
at stop

Failure at 
drop

Discontinuation (not due to failure) then VF 135(19.6) Failure at 
stop

Censored 
at stop

Failure at 
VF

Total Patients -  FailUfOi 688 524 170 342
(100.0) (76.2) (24.7) (49.7)

VF = failure based on virological data

4.5.1 Strategy 1: effectiveness + tolerabilitv (DEF analvsis)
In this analysis failure was defined at the time of virological failure, at the time of 
virological discontinuation, or at the time of virological drop-out, whichever of these 
events occurred first. Five hundred and fifity-four patients experienced at least one of 
the events described so that follow-up time was censored at the time of last viral load 
in the remaining 164 patients (23.8%). Also, in this analysis, the proportion of patients 
who were defined as failures because they interrupted a PI for reasons other than 
virological failure was slightly higher in patients receiving a PI than in the other group 
(Table 4.5.2, in yellow). Conversely there was no appreciable difference in the risk of 
failure due to virological failure between the three groups, patients receiving the 
boosted PI regimen having a slightly lower rate of virological failure (Table 4.5.2, in 
green).
The shape of the Kaplan Meier curve was different to that of the I.Co.N.A. analysis as 
patients were allowed to fail because of both virological failure and therapy 
discontinuations before week 24 (Figure 4.5.1). The curve of the ritonavir boosted PI 
group was constantly above the other two curves, the difference being noticeable 
starting from week 16. Again, this can be probably explained by the excess of 
discontinuations due to toxicity or patients’ decision in patients receiving the ritonavir- 
boosted regimens. Thus these regimens may well be easier to take compared to single 
PI regimens but the toxic component associated with ritonavir may have a role in 
determining a higher rate of discontinuation '̂^°’̂ ®®’̂ °l Further, since information on the 
dosage of drugs is not available in the databases the ritonavir-boosted group may well 
include patients who were receiving the full dosage of ritonavir. However, as for the
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analyses shown in section 4.4, since the Kaplan-Meier method does not allow a proper 
multivariable analysis, this finding could also be explained by confounding. Indeed, it 
may well be that, in an observational study like UNIF, single PI-, boosted PI-, and 
NNRTI-based HAART are given to systematically different groups of patients. However 
an adjusted analysis was beyond the objectives of this simple exercise and was not 
performed. The toxicity of ritonavir can probably be managed using pharmacokinetic 
data, by reducing the dose of ritonavir so that the plasma concentration is still higher 
than the minimum requested for viral suppression but without reaching high peaks in 
concentration that seems to be associated with increased toxicity^®\ However, the data 
of UNIF are not detailed enough to be able to define the dosage of ritonavir in these 
patients. Importantly, in this analysis, the slightly lower rate of virological failure 
observed in the ritonavir-boosted group did not appear to compensate for the higher 
rate of discontinuations. Thus, when the underlying efficacy and tolerability of these 
treatments were combined together in the endpoint, patients receiving the ritonavir- 
tx)osted regimens appeared to be those with significantly higher rate of therapy failure 
(log-rank test p=0.0005, Wilcoxon p=0.03, likelihood ratio p=0.0001).

Table 4,5.2 Description of failing-defining events in patients receiving single-PI, boosted-PI, and NNRTI- 
boosted regimen (DEF analysis)

Chronology Single PI ' Boosted 
PI

NNRTI DEF
Strategy

Virological failure first event 7'6(20.2) 8(11.0) 42(17.6) Failure at 
VF

Virological Drop-out first event 20 (5.3) 3(4.1) 21 (8.8) Failure at 
drop

PI / NNRTI discontinuation (not due to failure) 129 (34.3) 22(30.1) 31 (13.0) Failure at 
stop

Discontinuation (not due to failure) then Drop-out 25 (6.7) 0 (0.0) 12(5.0) Failiure at 
stop

Discontinuation (not due to failure) then VF 75 (20.0) 13(17.8) 47(19.7) Failure at 
stop

Total 376
(100.0)

73
(100.0)

239
(100.0)

688
(100.0)

Qansored 51 (13.6) 27 (37.0) 86 (36.0) 166 (24.1)
Failures 325

(86.4)
46

(63.0)
153

(64.0)
524

(76.2)
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Figure 4.5.1 UNIF- Kaplan-Meier estimates of the probability of therapy failure using the DEF event-defining censoring strategy 
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4.5.2 Strategy 2: effectiveness (OT analysis)

As described in paragraph 4.3, virological failure in this analysis was defined in a 

conservative way, the error being more likely to be on the side of defining patients 

virological failures when they actually were not. If all the changes in viral load (at week 

4, week 8, etc. up to week 24) were either not available or below the chosen cut-offs (1 

log reduction from pre-therapy level by week 4, 1.5 log reduction by week 8, etc.) 

patients were defined as successes. Thus this definition was somehow different from 

that used in section 4.4 since missing viral loads were not all automatically defined as 

therapy failures. However, given the high frequency of viral load measurements in the 

UNIF database (see chapter 3), the event of having many missing viral loads over the 

first 24 weeks is very unlikely. If, in contrast, at least one of these values was above 

the chosen cut-offs patients were defined as failures at the earliest of these time 

points. For example, for a patient with a reduction in viral load of >2.5 log at week 16, 

for whom no viral load was available at week 12, and whose week 8 viral load 

reduction was <1.5 log, week 8 was the defined time of virological failure. Thus, for this 

same patient, drug discontinuations were counted as such only if they occurred before 

week 8. This was done to make sure that patients' follow-up was censored at the time 

of discontinuation only if it was reasonable to assume that this was due to toxicity or 

personal decision rather than to a clinicians’ decision to modify the therapy because of 

poor initial virological suppression. Like the OT analysis in section 4.4.2, if the first 

event was discontinuation of a PI in the regimen (for patients receiving PI-based 

regimens) or a NNRTI (for patients receiving the NNRTI-based regimens) than 

patients’ follow-up was censored at this date. As a consequence, only 126 patients 

(18.3%) were declared as virological failures in this analysis (in green. Table 4.5.3). As 

observed in the previous DBF analysis, these failures occurred slightly more frequently 

in patients receiving the single PI regimen (76 out of 376, 20.2%) and in those 

receiving the NNRTI-based regimes (42 out of 239, 17.6%) than in patients receiving 

the ritonavir boosted regimens (8 out of 73, 11.0%, Table 4.5.3). Chi-squared p-values 

for the difference between these proportions were 0.06 and 0.18, respectively. The 

Kaplan-Meier analysis confirmed that no appreciable difference could be detected 

between the rates of failures in the three groups (Figure 4.5.2, log-rank p=0.86, 

Wilcoxon p=0.90, likelihood ratio p=0.35). From the DBF analysis in section 4.4.1, the 

conclusion was that the ritonavir boosted PI regimen was causing a higher rate of 

therapy failure, probably due to the higher toxicity associated with the use of ritonavir 

or a double PI. The present OT analysis tries to compare the underlying efficacy of the 

treatments in an ideal world in which toxicity was no longer a problem.
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Figure 4.5.2 UNIF - Kaplan-Meier estimates of the probability of therapy failure using the OT event-defining censoring strategy 
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Table 4.5.3 Description of failing-defining events in patients receiving single-PI, boosted-PI, and NNRTI- 
boosted regimen (OT analysis)

Chronology Single PI Boosted
PI

NNRTI OT
Strategy

No event 51 (13.6) 27 (37.0) 86 (36.0) Censored 
at last VL

Virological failure first event 76 (39.2) 8(11.0) 42(17.0) Failure at 
VF
Failure at 
drop

Virological Drop-out first event 20 (5.3) 3(4.1) 21 (8.8)

PI / NNRTI discontinuation (not due to failure) 129 (34.3) 22 (30.1) 31 (13.0) Censored 
At stop

Discontinuation (not due to failure) then Drop-out 25 (6.7) 0 (0.0) 12(5.0) Censored 
at stop

Discontinuation (not due to failure) then Failure 75 (20.0) 13(17.8) 47(19.7)

239
(100.0)

176(77.8)

Censored 
at stop

Total 376
(100.0)

73
(100.0)

688
(100.0)

Censored 280 (74.5) 62 (84.0) 518 (75.3)
Failures; 96 (25.5) 11 ( l3 . l) 63 (26.4) 170(Z4.V)

Therefore, these results seem to suggest that single Pl-based regimens, ritonavir- 

boosted PI regimens, and NNRTI-based regimens have similar efficacy provided that 

patients are able to remain in the treatment program. This, of course, under the implicit 

assumption that effectiveness of PI and NNRTI-containing regimens are the same 

irrespective of which drug in the class was used. It is apparent from the results of the 

previous section and from the results that will be shown in section 6.5 that this is not 

always the case.

4.5.3 Strateqv 3: ignore treatment changes (ITC analysis)
The comparison of the three regimens when ignoring all discontinuations also provided 

interesting results. So, if a patient had discontinued one drug of the original treatment 

without experiencing virological failure or having dropped-out of the study, he/she 

would be considered to be at risk of therapy failure up to the date of his/her last viral 

load (in yellow. Table 4.5.4). Similarly, a patient who discontinued therapy and 

subsequently experienced virological failure would be considered as a failure at the 

time of virological failure instead of being censored at the time of discontinuation like in 

the OT analysis (in green. Table 4.5.3). As a consequence, the overall rate of 

virological failure was higher than that observed in the OT analysis. However, the rate 

of virological failure any time after the discontinuation of the first PI (or NNRTI) was 

similar in the three groups (in green, Table 4.5.3). This may indicate that the 

consequences of having to discontinue a PI or a NNRTI included in a first-line regimen 

because of toxicity or personal decision are similar in terms of virological response to a
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subsequent regimen. In contrast, In the analysis of I.Co.N.A, the rate of virological 

failure after discontinuation because of toxicity was higher in the group of patients 

receiving the most virological potent (and most toxic) regimen. The reasons for the 

difference between the two analyses (in I.Co.N.A. and UNIF) are unclear; however the 

OT analysis in section 4.5.2 suggested that the underlying efficacy of the three 

treatments compared here is similar. Thus, whilst it is likely that patients receiving a 

NNRTI had developed higher level of resistance to this drug class it is conceivable that 

all these regimens may be equally salvageable; those who discontinued a PI should be 

salvageable with a NNRTI-containing HAART and vice versa. In conclusion, the ITC 

analysis shows that when taking into account of not only the first line regimen but also 

the virological response to the following regimens, again there is no difference 

between the three groups. This could have been tested directly by evaluating the 

response to second HAART regimens but it was beyond the scope of this simple 

exercise.

Table 4.5.4 Description of falling-defining events in patients receiving single-PI, boosted-PI, and NNRTI- 
boosted regimen (ITC analysis)

Chronology Single PI Boosted
PI

NNRTI ITC
Strategy

No event 51 (13.6) 27 (37.0) 86 (36.0) Censored 
at last VL

Virological failure first event 76 (20.2) 8(11.0) 42(17.6) Failure at 
VF

Virological Drop-out first event 20 (5.3) 3(4.1) 21 (8.8) Failure at 
drop

PI / NNRTI discontinuation (not due to failure) 129 (34.3) 22 (30.1) 31 (13.0) Censored 
at last VL

Discontinuation (not due to failure) then Drop-out 25 (6.7) 0 (0.0) 12(5.0) Failure al 
drop

Discontinuation (not due to failure) then Failure 75(20.0) 13(17.8) 47(19.7) Failure at 
VF

Total 376
(100.0)

73
(100.0)

239
(100.0)

688
(100.0)

Censored 180 (47.9) 49 (67.1) 117(49.0) 346 (50.3)
Failures 196 (52.1) 24 (32.9) 122 (51.0) 342 (49.7)
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Figure 4.5.3 UNIF - Kaplan-Meler estimates of the probability of therapy failure using the ITC event-defining censoring strategy
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4.6 General comments
4.6.1 Interpretation and summary of results

The I.Co.N.A. analysis compared a group of patients receiving ritonavir with group of 

patients receiving HG-saquinavir as part of their first HAART regimen.

This analysis has shown that ritonavir is a drug which, when used in combination with 

two NRTIs, has more severe toxic effects than HG-saquinavir (also used with two 

NRTIs). This was clear in the analysis with endpoint discontinuations because of 

toxicity (TOX analysis section 4.5.4). The OT analysis has confirmed the established 

result that the underlying efficacy of ritonavir is superior to that of HG-saquinavir 

(Table 4.5.1)^®\ The endpoint definition in the OT analysis reflects the superior intrinsic 

viral potency of ritonavir over HG-saquinavir and the fact that patients would maintain 

virological suppression better if started on ritonavir if they were able to remain on the 

drug. The DEF analysis compared the two drugs with respect to a combined endpoint 

balancing the virological potency with the potential to create toxicity. This analysis has 

shown that, taking into account this higher rate of discontinuation in patients receiving 

ritonavir, there was no difference in the rate of therapy failure at week 24 and at 

subsequent time points between the two drugs (Table 4.5.1). Finally the ITC analysis 

suggested a marginal superiority of ritonavir over HG-saquinavir due to a proportion of 

patients receiving ritonavir who were able to suppress before week 24 on a new 

regimen (Table 4.5.1). This can be explained by the fact that the ITC analysis, using a 

“purely virological endpoint”, reflects the clinical question of which treatment strategy 

keeps patients virologically suppressed, whereby “treatment strategy” means not only 

the first line regimen but also all the therapies started thereafter. Both patients 

receiving HG-saquinavir and those receiving ritonavir have been switched to second- 

line regimens, the first group mainly because of the inadequate virological response, 

the second group mainly because they could not tolerate the therapy. There is, 

however, a difference between the DEF analysis and the ITC analysis. All patients who 

discontinued ritonavir were defined as failures in the DEF analysis while the proportion 

of patients who had discontinued ritonavir and then managed to achieve or maintain 

viral suppression on the subsequent regimen were not included as failures in the ITC 

analysis. Thus, in the latter, the comparison is no longer simply between ritonavir- and 

HG-saquinavir- containing HAART regimens, but is also between these second-line 

(and potentially also third and fourth) regimens and the conclusion is that starting 

ritonavir appears to be a better therapy strategy than starting HG-ritonavir. Of course, 

because it is likely that second-line regimens recorded in the databases are not the 

same as those used in the clinic nowadays, this example was chosen only to illustrate
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the interpretation of results obtained using different event-defining censoring strategies 

and has no relevance in the choice of the initial regimen in clinical practice today.

Table 4.6.1 Summary of results

Censoring strategy

Comparison Cohort DEF OT ITC TOX

HG-SQV + 2 NRTI 
Ritonavir + 2 NRTI

I.Co.N.A No difference 

P=0.86

Ritonavir more 
efficacious 
P=0.0001

Ritonavir
better

strategy

P=0.005

Ftitonavir 
causes more 

toxicity 
P=0.0001

Single PI 
RTV-boosted PI 
NNRTI

UNIF Higher failure 
with 

RTV-boosted

P=0.0005

No difference 
in underlying 

efficacy 
P=0.86

No difference 
as strategies

P=0.42

SQV=saquinavir; p-values are from the likelihood ratio test (less affected by events occurring soon after 
starting the regimen)

The UNIF analysis was not about comparing specific drugs but regimen types: single 

Pl-containing regimens, ritonavir boosted PI regimens, and NNRTI-containing 

regimens, under the simplistic assumption that use of specific drug within a certain 

class does not matter. The only significant result was found in the DEF analysis. The 

conclusion of this analysis was that patients starting a ritonavir boosted Pl-containing 

regimen had a higher rate of therapy failure than the patients receiving the other two 

treatments (Table 4.5.1). This was due to the fact that patients receiving the boosted- 

PI were more likely to discontinue a PI compared to the group receiving the single-PI 

regimen. Also this rate of discontinuation was higher than the rate of discontinuing the 

NNRTI in the third group. This result appears to contradict those of other reports 

showing that the ritonavir-boosted PI regimens are generally easier to take than single- 

PI regim ens^. However, this may have been confounded by the fact that a proportion 

of patients was actually receiving a full dose of ritonavir. Interestingly, the underlying 

efficacy of these three treatments appeared to be similar (OT analysis) and also when 

taking into account subsequent regimens there was no difference in the rate of therapy 

failure between the three groups (ITC analysis). This is an important result that would 

need further investigation. However, for the purpose of showing the use of the time to 

therapy failure approach, this crude analysis was considered sufficient. In addition, 

UNIF is not a randomised study hence, even after performing a multivariable analysis, 

residual confounding cannot be ruled out. The finding is, however, consistent with the

156



current clinical guidelines equally recommending either of these strategies as the initial 

therapy in antiretroviral-naïve patients^

4.6.2 Flexibility of time to therapy failure approach and comparison with method that 

calculates the percentage with viral load below a threshold 

OT analysis
Importantly, both the above analyses showed that the “time to therapy-failure” is a 

useful summary measure approach that can be used to address different questions 

regarding the comparison of drugs / treatment strategies. Different questions can be 

addressed by using a purely virological endpoint (ITC and OT), a mixture of a 

virological and a regimen discontinuation endpoint (DEF) or a purely discontinuation 

endpoint (TOX in I.Co.N.A). Of course these are only four examples but there are other 

possible outcomes that can be generated. The different endpoints are determined by 

the choice of what constitutes an outcome defining-event and the censoring strategy 

(Tables 4.4.1 and 4.5.1). In addition, the suggested OT analysis, despite the fact that it 

is infrequently used, is less prone to bias compared, for example, to the OT method 

that compares the proportion of patients with a viral load below 500 copies/mL at 

different time points (described in earlier section 2.3). In fact, an “on-treatment” 

analysis of the proportion of patients with a viral load below 500 copies/mL at a certain 

time point, excludes patients who had dropped out of the study before that time point. 

As a result, when the aim is to measure efficacy, the comparison is certainly biased 

because it is based only on patients who have done well on that particular treatment 

(see chapter 2). In contrast, in the “time to therapy failure” -OT approach-, when 

patients who experience virological failure are included in the analysis as therapy- 

failures and when the follow-up of patients who discontinued therapy before failure for 

reasons other than virological failure is censored the rate of failure in each group is 

unbiased. If the study is randomised, the comparison between the groups is also 

unbiased. In fact, having ruled out the possibility that a discontinuation is due to 

physicians’ beliefs that a patient is failing on a certain therapy it is reasonable to 

assume that the switch in therapy is unrelated to the risk of virological failure. If this is 

the case, censoring is probably not informative. Informative censoring can be avoided 

by using data on reasons for discontinuation (as in the analysis of the I.Co.N.A cohort) 

or by using a very sensitive, conservative definition of virological failure so that the time 

of failure would precede a physicians’ definition of failure (as in the analysis of UNIF 

data). For these reasons, the OT approach of the time to therapy-failure method should 

be preferred to the OT analysis of the proportion of patients with virological failure (or

157



with undetectable viral load) at different time points. This second method is, however, 

still frequently presented in analysis of clinic trials data today

DEF analysis
As described in chapter 2, the method that calculates the percentage of patients with 

undetectable viral load at different time points can be performed including missing viral 

loads and discontinuations as failures (MDEF). This is the intention to treat analysis 

recommended by the FDA for the presentation of results in clinical trials. It has been 

shown, however, in this chapter that this same analysis can also be performed using 

the time to therapy failure approach (using the DEF event-defining censoring strategy). 

Both approaches are valid and it can be used invariantly. However the nature of the 

data available may affect the choice of the method used. For example, if the aim is to 

compare all the aspects associated with the efficacy of two drug regimens, a sensible 

approach may be to perform a MDEF analysis of the percentage with virological failure, 

say, at three years after starting the regimens. However, in most of clinical trials viral 

load are not collected after discontinuations of the original treatment and the maximum 

duration of these studies is often 48 weeks. Therefore, the percentage of patients with 

virological failure at three years after starting therapy cannot be calculated using data 

from the majority of clinical trials. In light of this, despite the caveat due to lack of 

randomisation, it is apparent why the data of observational cohort studies are crucial 

for the comparison of the longer-term effect of therapies. In this context and 

alternatively to the MDEF analysis of percentage of patients with virological failure at 

three years, the time to sustained virological failure would be equally recommended. 

For example, as suggested in chapter 2, the endpoint, could be defined as the time to 

reach the last of a few consecutive viral loads above 1,000 copies/mL.

4.6.3 Applicability and limitations of the time to therapy failure approach 

The nature of the data (i.e. randomised study vs. observational cohort) needs also to 

be considered when commenting on the applicability of the results obtained in this 

chapter using the time to therapy failure approach. If the study is randomised the 

results of Kaplan-Meier should be directly interpretable as there is no possibility of 

confounding. However, if the study is observational, crude comparisons should be 

confirmed by multivariable analysis and results interpreted anyway with caution as 

prone to be biased by residual confounding.

Another limitation of the described “time to therapy failure" approach is that also the p- 

values of the log-rank and of the Wilcoxon tests need to be interpreted with caution as 

events which occur early during follow-up carry the greatest weight in determining this
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probabilities. So, for example, in the comparison between ritonavir and HG-saquinavir 

in the DEF analysis, the p-value of the log rank test was 0.04 (and Wilcoxon 

p=0.0001), however clearly there was no significant difference in the rate of therapy 

failure at and after week 24 between the two groups. This was confirmed by the 

likelihood ratio test which is less affected by early events and carried a p=0.86. 

Further, this limitation no longer applies to multivariable analysis performed using a 

proportional hazards regression model with these endpoints. In general, the validity of 

the inferences based on the use of the Kaplan-Meier estimates and Cox regression 

model rely on the assumption that the hazards of developing the outcome of interest 

are proportional. However, this assumption has been formally tested in this chapter 

and it has been violated only in some of these analyses (see Appendix III for the 

description of the methods used to asses the proportionality assumption). For example, 

out of the four analyses performed on the I.Co.N.A dataset, the test of the Schoenfeld 

residuals for the curves shown in Figures 4.4.1 and 4.4.4 indicated that the 

proportional hazards assumption was violated (p=0.0001) while for Figures 4.4.2 and

4.4.3 there was no evidence of violation (p=0.23 and p=0.60, respectively).

In conclusion, these data show the flexibility, applicability, and caveats of the time to 

therapy failure approach in analysing virologicai data. Furthermore, the insights 

provided by these results regarding the choice of the virological outcome are relevant 

for planning future clinical trials and analyses of observational data. Even if it is difficult 

to generate simple take-home messages on the light of these results, it is apparent that 

the event-defining censoring strategy should be chosen according to the question set 

out to answer. Thus, for example, if the objective is to help clinicians in weighing the 

efficacy / tolerability trade off of a regimen, the DEF analysis is preferable. If, however, 

the objective is to compare the underlying potency to suppress viral replication, then an 

OT analysis will probably get closest to an appropriate answer. In this context, a purely 

virological endpoint is more objective than a regimen discontinuation endpoint because 

it is determined by a definition of failure which does not depend either on patients' or 

physicians’ opinions about when to discontinue the treatment or on the reason for 

discontinuation. In contrast, if tolerability is considered an essential component of the 

treatment efficacy, then an analysis with endpoint discontinuation due to toxicity merits 

consideration. Finally, both DEF and ITC analyses are useful when trying to distinguish 

whether an observed superiority of a regimen to suppress viral load is due to better 

tolerability or to better available options after discontinuation of first HAART.
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CHAPTER 5. WHEN IS BEST TO START HAART IN ASYMPTOMATIC 

CHRONICALLY INFECTED PATIENTS?

5.1 Introduction
Historically, clinicians in the UK have always advocated a more conservative approach 

to treating HIV than, for example, their colleagues in the USA. Before the introduction 

of HAART, the CD4 count drove the decision of when to start antiretroviral treatment 

and the approach was rather conservative; therapy was usually started in 

asymptomatic patients only when the CD4 count fell below 200 cells/jxl®° .̂ After HAART 

was first introduced in 1996 it was felt by some that HIV eradication was possible®®®'®̂ ®. 

This was one of the reasons for a change in the British HIV Association (BHIVA) 

guidelines which, in 1997, indicated that treatment should be started in asymptomatic 

patients when the CD4 count fell below 300 cells/pil or the viral load rose above

100.000 copies/mL®° .̂ In patients with detectable viral load with a level that was below

100.000 copies/mL treatment would be considered if there was evidence that the CD4 

count was falling rapidly. Over the two years following the introduction of HAART the 

general recommendation was to “hit early, hit hard" and the decision regarding when to 

start treatment was driven by both CD4 count and viral load®°®'®̂ °. Around the same 

period, American federal guidelines had advised that treatment should be considered 

at CD4 count levels as high as 500 cells/^il while BHIVA guidelines recommended 

treating at 350 cells/^l. The theoretical case in favour of placing more emphasis on the 

viral load as well as starting therapy early was that viral load drives the loss of immune 

responses that, in turn, places individuals at risk of clinical events^°'^\ It has recently 

been shown that viral load is actually able to predict clinical events, independently of 

CD4 count, even in the short term®^\ With the realisation that highly active antiretroviral 

therapy (HAART) was unlikely to eradicate HIV within a few yearŝ ®°®̂ ,̂ as well as with 

the recognition of the various unpleasant realities associated with lifelong treatment 

with antiretroviral drugŝ ®®’®®®, the issue of the optimal time to initiate HAART in 

chronically HIV-infected individuals has again become the subject of re- 

evaluation®^®’®̂®'®̂ .̂ In the last two years there has been a clear trend towards placing 

much more emphasis on CD4 count, rather than viral load, and it is now thought that 

treatment can be safely delayed for some time. USA guidelines now recommend that 

patients are treated before the CD4 count drops below 350 cells/^il while current BHIVA 

guidelines recommend treating below 200 cells/^P®®’̂ ®®. It is important to note that this 

change in recommendations is not mere fine-tuning. Given that the average rate of 

CD4 count loss in untreated individuals is around 60 cells/pil per year®\ postponing the
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date of starting treatment from a CD4 count of 350 ceils/^il to a CD4 count of 200 

ceils/^il would imply an average delay in initiation of therapy of two and a half years. Of 

course there are some exceptions with patients who experience rapid CD4 loss. So, for 

example, BHIVA also suggests that treatment could be initiated earlier when there is 

evidence that CD4 count is falling rapidly as a consequence of high viral load. BHIVA 

strongly advise against starting therapy in chronically-infected patients with a CD4 

count >350 cells/jxl, while any count within the 200-350 window would merit 

consideration of the risks and benefit of starting treatment. There are several reasons 

why this change in treatment guidelines has taken place. In this chapter, some of the 

evidence behind the move to defer treatment is presented together with a more general 

discussion of the data that had influenced the most recent treatment recommendations.

5.2 The contribution of i.Co.N A database in infiuencing the current treatment 
guideiines
The question of when to start HAART should ideally be addressed in a randomised 

controlled trial. Although the planning of a large trial to address these issues has been 

the topic of recent discussions, there is no guarantee that it will be possible to complete 

this study and, if so, it will take several years before the first results will be available. In 

the absence of randomised clinical trials, observational cohort studies of HIV-infected 

individuals are an alternative, although not ideal, source of data to provide some useful 

information. However, on this topic, treatment guidelines have been rarely revised on 

the light of results coming from observational studies. The most common reasons for 

starting antiretroviral treatment immediately at the time of HIV diagnosis are based on 

theoretical considerations or on indirect evidence from small studies. These arguments 

include:

a) HIV infection has to be treated like all other infectious diseases

b) the chance of preserving anti-HIV specific cellular responses seems higher if 

therapy is started when the CD4 count is relatively high®̂ ®'®̂ °

c) HIV infection should not be allowed to progress untreated as HIV diversity and 

virulence increases with time®̂ ^

In contrast, arguments often provided in favour of delaying the initiation of therapy as 

much as possible are:

a) most HAART regimens are difficult to tolerate and incomplete adherence may lead 

to the development of HIV-resistant strains which limit future therapy

options" ’̂"""’"""
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b) considerable reconstitution of the immune system seems possible even in patients 

who start HAART at very low levels of CD4 count, so long as patients remain on 

therapy®®

c) while the short and medium term side effects of the current regimens have been 

observed, their long-term toxicities are unknown^® ’̂̂ ®°

d) antiretroviral therapies are likely to be most effective in naïve-patients, and new 

therapies/strategies may be available in the future®^^

The I.Co.N.A. study is one of the largest European studies including patients who were 

antiretroviral-naïve at the time of enrolment and who subsequently started HAART. In 

this chapter, results of various analyses performed on the I.Co.N.A. database are 

presented. Some of these results were included by BHIVA experts in the bulk of 

evidence supporting the view that antiretroviral treatment can be safely delayed for 

some timê ®®.

5.2.1 Patients and methods
Patients were all those enrolled in I.Co.N.A. between May 1997 and April 1998 as 

decribed in chapter 2. As mentioned earlier, plasma HIV RNA was measured using 

quantitative RT-PCR (Amplicor, Roche Molecular System), signal amplification b-DNA 

assay (Quantiplex, Chiron) or nucleic acid sequence-based amplification (NASBA 

Organon Teknika) and no attempt to standardise viral loads measured using different 

assays was made. However, in this particular section, the analysis was also repeated 

after adjusting the viral load levels measured using the b-DNA assay, by multiplying by 

a factor of 2"^.

5.2.2 Statistical analvsis

Immunological response according to baseiine CD4 count
Mean CD4 count changes were calculated every three months up to 96 weeks from the 

date of initiation of HAART. A window of three months was chosen for the CD4 count at 

any time point. Thus, for example, a window between week 6 and week 18 was chosen 

for the CD4 count at 12 weeks and the measurement closest to week 12 was used, 

and so on. In the event of a tie, the later of the two measurements was used. Patients 

were grouped according to their pre-HAART CD4 count using the following cut-offs: 0- 

200, 201 -350 and >350 cells/pil and mean CD4 changes were stratified by pre-HAART 

CD4 count category. This analysis was only descriptive and thus no statistical test was 

performed.

162



Virological response according to baseiine CD4 count
Standard survival analysis using Kaplan-Meier curves, log-rank test, and Cox 

proportional hazards regression models were used to assess the virological response 

to therapy according to the pre-HAART CD4 count and viral load. Proportional hazards 

Cox regression model was fitted stratifying by Infectious Disease Ward. The 

significance of the parameters was tested by comparing the parameter estimate with its 

standard error. The squared value of the ratio between the estimate and its standard 

error was referred to a (1df) distribution (Wald test). Time to virological failure was 

defined using the global definition of virological failure described in section 2.4. The 

chosen threshold was 500 copies/mL and the time limit to achieve a viral load ^500 

copies/mL before being defined as a failure was 32 weeks. In detail, patients who have 

been followed-up for at least 32 weeks and whose viral load remained above 500 

copies/mL over the first 32 weeks of therapy were defined as failures at week 32; 

patients whose viral load was suppressed before week 32 and subsequently 

rebounded on two consecutive occasions were defined as failures at the time of the 

first viral load >500 copies/mL; follow-up of patients whose viral load was suppressed 

before week 32 and suppression was sustained, or who did not suppress and their last 

viral load value was measured before week 32, were censored at the date of the last 

viral load measurement.

The main analysis of time to virological failure was performed using the ITC strategy 

described in chapter 4. The objective of the analysis was to evaluate whether the 

virological response to HAART was different according to the pre-therapy CD4 count. 

Obviously, the focus here was not just on the virological response to the initial HAART 

but to the sequence of antiretroviral drugs received by these individuals. Consequently, 

as discussed in chapter 4, the use of the ITC approach seems most appropriate, with 

the difference that potential virological drop-out have been ignored. However, 

alternatively, as a sensitivity analysis, virological drop-outs (i.e. patients whose last viral 

load was measured before May 31, 2001- i.e. a year before the date of freezing of the 

database) were defined as virological failure at the date of last viral load. The rationale 

for this sensitivity analysis was to rule out a possible bias introduced by losses to 

virological follow-up.

incidence of new AIDS events or death in patients starting HAART with CD4 

count <50 ceiis//J

This analysis was performed on the subset of patients who started HAART with a CD4 

count <50 cells/pl before starting HAART. The aim of this analysis was to assess
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whether CD4 count rises on HAART are associated with a reduced risk of AIDS and 

death in these patients. Starting from the date of initiation of HAART the duration of 

follow-up (person-years) that each patient was observed with a CD4 count <50 cells/pil, 

between 50 and 200 cells/^il, and >200 cells/pil have been calculated. Also the number 

of new AIDS events (only AIDS defining illnesses that were never experienced before 

are recorded -  i.e. recurrences did not class as a new AIDS event) or death according 

to the most recent CD4 count was calculated. Incidence rates of AIDS or death in the 

three CD4 count categories were then calculated as the number of events divided by 

the person-years of follow-up. Note that the same patient could contribute to several 

CD4 count groups in this analysis as his/her CD4 count is modified by HAART. 

However, none of the patients developed more than one AIDS defining disease so 

confidence intervals for the rates have been calculated using the standard Poisson 

distribution.

5.2.3 Results
Fourteen hundred and twenty-one patients who started HAART and had a CD4 count 

measured less than 24 weeks prior to initiation of therapy are included in this analysis. 

All patients had at least one measure of viral load besides the pre-HAART viral load, 

which was also available in all. Details of the characteristics of all the patients 

according to the pre-HAART CD4 count are given in Table 5.2.1.

Patients were all previously antiretroviral naïve with a median CD4 count of 272 cells/^il 

(range: 1-1294) and a median plasma viral load of 4.84 logio copies/mL (range: 2.70- 

6.72) when they started their first HAART regimen. The majority of patients (n=1239, 

87.2%) started two NRTI and one PI while a smaller proportion initiated two NRTI and 

one NNRTI (n=154, 10.8%). Characteristics of the three groups were similar. However, 

patients with a pre-HAART CD4 count above 200 cells/nl were more likely to be treated 

with 2NRTI+ NNRTI (p=0.001), had lower viral loads (p=0.001), and were less likely to 

be symptomatic (p=0.001) compared to the rest of the study population (Table 5.2.1).
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Table 5.2.1. Characteristics of the study population according to the CD4 count prior to 

the initiation of HAART

Pre-HAART CD4 count (cells/|Lil) All patients
Characteristic 0-200 201-350 >350
Gender n (%)

Male 438 (78.5) 226 (72.4) 394 (71.5) 1058 (74.5)
Mode of HIV transmission
n (%) 229 (41.0) 140 (44.9) 183 (33.2) 552 (38.9)

Injecting drug use 107 (19.2) 60 (19.2) 146 (26.5) 313 (22.0)
Homosexual sex 177(31.7) 98 (31.4) 186 (33.8) 461 (32.4)
Heterosexual sex 45 (8.1) 14 (4.5) 36 (6.5) 95 (6.7)
Other

Age (years)
Median (range) 35 (21-98) 35 (18-62) 33 (18-66) 34 (18-98)

CD4 count (cells/^l)
Median (range) 69 274 489 272

(1-200) (202-350) (351-1,294) (1-1,294)
Viral load pre-HAART
(logio copies/mL) n (%)

0-5,000 21 (3.8) 22 (7.1) 49 (8.9) 92 (6.5)
5,001-30,000 75 (13.4) 102 (32.7) 185 (33.6) 362 (25.5)

>30,000 462 (82.8) 188 (60.3) 317(57.5) 967 (68.0)
GDC stage n (%)

A 209 (37.5) 233 (75.2) 476 (86.6) 918 (64.8)
B 129 (23.2) 60 (19.4) 61 (11.1) 250 (17.6)
0 219 (39.3) 17(5.5) 13 (2.4) 249 (17.6)

HAART regimen n (%)
3 NRTI 1 (0.2) 1 (0.3) 5 (0.9) 7 (0.5)
2 NRTI + PI 531 (95.2) 266 (85.3) 442 (80.2) 1239 (87.2)
2 NRTI + NNRTI 21 (3.8) 41 (13.1) 92 (16.7) 154 (10.8)
>3 drugs or other 5 (0.9) 4(1.3) 12 (2.2) 21 (1.5)

NRTI started n (%)
Zidovudine 387 (69.4) 235 (75.3) 411 (74.6) 1033 (72.7)
Didanosine 106 (19.0) 78 (25.0) 124 (22.5) 308 (21.7)
Lamivudine 401 (71.9) 195 (62.5) 353 (64.1) 949 (66.8)
Zalcitabine 53 (9.5) 41 (13.1) 80 (14.5) 169 (12.2)
Stavudine 169 (30.3) 75 (24.0) 138 (25.1) 382 (26.9)
Abacavir 0 (0.0) 0 (0.0) 1 (0.2) 1 (0.1)

NNRTI started n (%)
Delavirdine 1 (0.2) 1 (0.3) 0 (0.0) 2(0.1)
Nevirapine 14 (2.5) 35 (11.2) 77 (14.0) 126 (8.9)
Efavirenz 6(1.1) 6(1.9) 18 (3.3) 30 (2.1)

PI started n (%)
Indinavir 307 (55.0) 131 (42.0) 223 (40.5) 661 (46.5)
Ritonavir 98 (17.6) 35 (11.2) 56 (10.2) 189 (13.3)
HG-saquinavir 114(20.4) 83 (26.6) 145 (26.3) 342 (24.1)
Nelfinavir 22 (3.9) 24 (7.7) 36 (6.5) 82 (5.8)

Total n (%) 558 (39.3) 312 (22.0) 551 (38.8) 1421(100.0)
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Immunological response according to baseline CD4 count
Patients have been followed for a median of 81 weeks (25%-75% percentllles: 48-107) 

from the date of Initiation of HAART. Median duration of follow-up was similar In 

patients who started HAART with CD4s200 cells/pl (82 weeks), CD4 201-350 cells/pil 

(77 weeks) and CD4>350 cells/[xl (73 weeks).

Six hundred and seventeen patients (43.4%) have been followed-up for at least 90 

weeks and a measure of CD4 count was available In the window 90-102 weeks of 

starting HAART for 415 (67.3%). One hundred and elghty-nlne with a CD4 count of 0- 

200, 98 with a CD4 count of 201-350 and 128 with a CD4 count>350 (Figure 5.2.1). 

Overall In these patients, there was a mean Increase In CD4 count of 228 cells/pl 

(range:-548,+881) by 96 weeks after starting HAART and only a minority (n=32, 7.7%) 

had a CD4 counts200 cells/pl at this time. Twenty-nine (out of 189; 15.3%) were 

patients who started HAART with 3200 CD4 count, 1 (out of 98; 1.0%) was a patient 

starting with a CD4 count of 201-350 (p=0.0001), and 2 (out of 128; 1.6%) were 

patients starting with a CD4 count>350 cells/(xl (p=0.0001).

Figure 5.2.1 shows the crude mean Increase In CD4 count up to 24 months after 

starting therapy according to the level of pre-HAART CD4 count (3200, 201 -350, >350 

cells/pil). There was no apparent relationship between the CD4 count rise and the 

starting CD4 count level. On average, patients' CD4 counts Increased by at least 180 

cells/pl at week 96, Irrespective of the pre-HAART CD4 count level. Importantly, the 

absolute CD4 count rise appeared to be greater In patients starting with a low CD4 

count (e.g. 281 cells/pl In patients starting with 201-350 cells/jxl) than In patients 

starting with a higher CD4 count (e.g. 186 cells/pl In those starting with >350 cells/pil. 

Figure 5.2.1).
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Figure 5.2.1 Mean CD4 increase from the time of initiation of HAART according to pre-HAART CD4 count category
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Virological response according to baseiine CD4 count
The virological response to HAART in patients starting therapy at different levels of 

CD4 count (i.e. s200 cells/p,l, 201-350 cells/pl, and >350 cells/^il) was then compared 

using survival analysis. Using the chosen definition of virological failure (i.e. failure to 

suppress viral load below 500 copies/mL by 32 weeks or viral rebound on at least two 

consecutive occasions), 536 patients (37.7%) experienced virological failure (Figure 

5.2.2). The rates of virological failure according to the pre-HAART CD4 count were as 

follows: 238 out of 558 (42.7%) whose pre-HAART CD4 count was s200 cells/pil, 110 

out of 312 (35.3%) with a CD4 count in the 200-349 cells/pil range, and 188 out of 551 

patients (34.1%) with a CD4 count &350 cells/^l. Figure 5.2.2 shows the Kaplan-Meier 

estimates of the probability of virological failure in these three groups. By 96 weeks, the 

probability of virological failure was 51.0% (95% Cl: 46.4.-55.6) for patients starting 

HAART with a CD4 count s200 cells/pil, as compared to 43.8% (95% 01: 37.6-50.4) for 

those with a CD4 count in the 201-350 cells/pil range, and 44.0% (95% 01: 39.0-49.0) 

for those with a 0D4 count >350 cells/pl. The log-rank test comparing the three survival 

curves was statistically significant (log-rank chi-squared=7.8 p=0.02). The virological 

response in patients with a 0D4 count in the 201 -350 cells/pl range and in those with a 

0D4 count >350 cells/pil was then compared to the response in patients with ^200 

cells/pil using the Oox proportional hazard regression model. This model was adjusted 

for pre-HAART viral load (fitted as a categorical covariate with cut-offs: 5,000 and

30,000 copies/mL). In this analysis, patients starting HAART with a 0D4 count >350 

cells/|xl tended to show a lower hazard of virological failure only compared to patients 

starting with a 0D4 count ^200 cells/pl (adjusted RH=1.15, 95% 01: 0.93-1.42, p=0.20. 

Table 5.2.2). There was no difference in the risk of virological failure between patients 

starting with a 0D4 count >350 and those starting with a 0D4 count ranging between 

201-350 cells/pil (adjusted RH=1.01, 95% 01: 0.79-1.29, p=0.94. Table 5.2.2). It may be 

noted that the risk of failure in patients with a viral load>30,000 copies/mL was 32% 

higher than that in patients with viral load ^5,000 copies/mL even if the association was 

not significant (p=0.19. Table 5.2.2). This association failed to be significant even when 

using >100,000 copies/mL as the higher group (data not shown). Pre-HAART viral load 

(fitted as a categorical covariate) was not independently associated with the risk of 

virological failure.
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Figure 5.2.2 Kaplan-Meier estimates of the probability of virological failure according to pre-HAART CD4 count category 
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Table 5.2.2 Relative hazards (95% Cl) of virological failure from fitting a Cox modei stratified by Infectious Disease Ward

Crude Adjusted

Covariate
RH 95% Cl p-value RH 95% Cl p-value

Pre-HAART CD4 count (cells/[xl)

>350 1.00 1.00

201-350 1.02 0.80-1.31 0.86 1.01 0.79-1.29 0.94

<200 1.21 0.98-1.48 0.07 1.15 0.93-1.42 0.20

Pre-HAART viral load (copies/mL)

^5,000 1.00 1.00

5,001-30,000 1.08 0.70-1.67 0.73 1.08 0.70-1.68 0.72

>30,000 1.36 0.90-2.06 0.14 1.32 0.87-2.00 0.19



Figure 5.2.3 Incidence of new AIDS-defining diseases or death in patients starting HAART with CD4 count <50 ceils/pi according to the 
most recent CD4 count
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Finally, the conclusions of this analysis were unchanged when it was repeated i) after 

multiplying the viral loads measured using a b-DNA assay by a factor of 2, or ii) after 

defining 234 patients (16.5%) who were lost to follow-up as virological failures at the 

date of their last viral load.

Incidence of new AIDS events or death in patients starting HAART with a CD4 

count <50 cells/)il

The prognostic value of the CD4 count restored by HAART in predicting a new AIDS 

event or death has been also evaluated. Figure 5.2.3 shows the person-years at risk, 

number of AIDS events or deaths, and the event rate according to the most recent CD4 

count during HAART therapy in 218 patients (15.3% of the total) starting HAART with a 

CD4 count<50 cells/pil. While there was a relatively high rate of AIDS or death during 

time in which patients' CD4 count remained below 50 cells/pil (0.19 per person-year, 

95% Cl: 0.10-0.33, 13 events in 67 person-years), the rate was very small during 

person-years in which patients’ CD4 count had risen to a level ranging between 50 and 

199 cells/pil (0.05 per person-year, 95% 01: 0.02-0.10, 9 events in 175 person-years) 

and to above 200 cells/jxl (0.03 per person-year, 95% 01: 0.005-0.07, 5 events in 144 

person-years. Figure 5.2.3).

5.2.4 Interpretation of results
The ideal study design to address the issue of when to start antiretroviral therapy in 

asymptomatic HIV-infected individuals is a randomised controlled trial. At this point in 

time no such trials are ongoing. In this chapter some pieces of evidence generated 

from the analyses of the I.Co.N.A. database were presented.

CD4 count increase
If the 0D4 count rise were higher in patients starting HAART with high 0D4 counts 

compared to those starting with low 0D4 counts, this would be an argument in favour 

of starting HAART immediately as soon as and individual is diagnosed with HIV. 

However, this analysis shows that this is not the case. By 24 months of therapy with 

HAART, patients experienced a very similar 0D4 count rise irrespective of their level of 

pre-HAART 0D4 count (>180 cells/pil).

Furthermore, given that the normal range for 0D4 counts in an healthy uninfected 

individual is between 500 and 1200 cells/ îr®, patients who have >500 cells/^l before 

therapy initiation perhaps do not have much scope for a further 0D4 rise. Importantly, a 

similar rise in absolute 0D4 counts means that, in proportion, the rise in patients
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starting with a low CD4 count is greater than that observed in patients starting with a 

higher CD4 count.

As with many healthy biological systems, the immune system probably has plenty in 

reserve. Thus, a dramatic loss in CD4 count seems necessary to place a person at risk 

of AIDS or death. In the natural history of HIV-infection such a risk is low in individuals 

with a CD4 count higher than 200 cells/pl, or 100 cells/pl even®°. There is evidence that 

this still holds when considering the same level of CD4 count (i.e. above 100-200 cells/ 

\i\) even when this count has been restored by HAART®®’®̂®’® .̂ Indeed, in this study, in 

patients who started HAART with CD4 counts of less than 50 cells/jil in whom a CD4 

count rise to a level above 200 cells/^il was observed, the risk of subsequent 

occurrence of an AIDS-defining illness or death was extremely low (5 events per 144 

person-years). A similar finding was obtained in a previous investigation of UNIF ®®. 

The majority of patients with a CD4 count at 96 weeks of therapy (90.8%) achieved a 

CD4 count greater than 200 cells/pl by two years of therapy irrespective of their pre- 

HAART CD4 count. In addition, this analysis suggests that the probability of having a 

CD4 count >200 cells/pl after two years of HAART is similar for patients starting with a 

CD4 count >350 cells/|xl or for those starting with a CD4 ranging between 201-350 

cells/jxi. Therefore, as a result, the risk of development of an opportunistic infection 

after two years of HAART is likely to be low irrespective of whether the initial CD4 

count is >350 cells/pl or ranges between 201-350 cells/pil.

Virological response
The analysis that most influenced the current recommendations for treatment initiation 

was the examination of the time to virological failure according to the pre-therapy CD4 

count and viral load. This analysis showed that the rate of virological failure by 96 

weeks of therapy tended to be higher in patients starting with a CD4 count s200 cells/pl 

compared to the other groups (Figure 5.2.2). Most important, the estimated probability 

of virological failure in patients starting therapy with a CD4 count ranging between 201- 

350 cells/pl was similar to that of patients starting with a CD4 count >350 cells/pl 

(Figure 5.2.2). This was confirmed by a Cox regression analysis which was also 

adjusted for pre-HAART viral load levels (Table 5.2.2). It may be noted that pre-therapy 

viral load was not associated with the risk of virological failure (Table 5.2.2). This result 

is in conflict with other previous reports in which pre-HAART viral loads were predictive 

of virological r e s p o n s e ^ H o w e v e r ,  these studies were not restricted to 

antiretroviral-naïve patients and the definition of the virological endpoint and the 

statistical modelling methods used were different.
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other recent reports analysed the virological and clinical outcome to HAART according 

to the pre-therapy CD4 count with the aim of providing evidence regarding the optimal 

time to start HAART in chronic HIV infection̂ ®®’®̂ ®̂̂®’®̂'̂ . A study by Phillips and 

colleagues examined the correlation between pre-therapy CD4 count levels and 

virological response to HAART®®. This analysis evaluated 3,430 therapy-naive patients 

from three large cohort studies in Europe, who have been followed for more than two 

years. The authors found no difference in the chance of achieving a viral load below 

500 copies/mL by week 32 of therapy, regardless of pre-therapy CD4 count or viral 

load. There was also no difference in viral rebound rates, regardless of baseline CD4 

count or plasma viral load. The only difference in virological outcome was detected for 

patients with a pre-therapy viral load higher than 100,000 copies/mL whose rate of 

achieving a viral load below 500 copies/mL was slower than those starting with a viral 

load below 10,000 copies/mL. Another study by Hogg and colleagues was conducted 

on 1,219 therapy-naive patients to determine the rates of disease progression 

according to pre-therapy CD4 count and viral load. Patients with a CD4 count below 50 

cells/pil and those with a CD4 count ranging between 50 and 199 cells/pil were 6.7 and 

3.4 times, respectively, more likely to develop a clinical event or die than patients with a 

CD4 count greater than 200 cells/p-l®̂ ®. This is not surprising. A reduction of viral load 

upon therapy initiation has been documented by both clinical trials and observational 

studies and it is undoubtedly a direct effect of antiretroviral treatment. Thus, showing 

that pre-therapy CD4 count is not associated with the virological outcome is direct 

evidence of the efficacy of therapy at different level of immuno-suppression at the time 

of starting HAART. In contrast, the association between CD4 count and the risk of 

clinical disease was widely documented by observational studies performed before the 

introduction of HAART^®^®. This correlation is well known and was only confirmed by 

the study performed by Hogg and colleagues in the HAART era. Indeed, the risk of 

clinical events and death would be higher in patients with pre-therapy CD4 counts 

lower than 200 cells/[xl because these patients are known to have the worst clinical 

prognosis and therefore it cannot be taken as direct evidence that therapy is less 

efficacious if started after the CD4 count had already fallen below this level. However, it 

is comforting that both studies are in agreement and extend the results described in 

this section.

When deciding on whether to initiate therapy one key issue is the risk of clinical 

disease in the short term. For example, the principle interest for a clinician is to know 

the probability that a patient would develop a clinical event over the period of time 

between the current visit and the next assessment, typically after 3-6 months. This can 

be done by analysing data of patients with virological and CD4 count follow-up while
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they are still antiretroviral-naïve. A recent analysis of a large cohort of AIDS-free, 

treatment-naïve or receiving zidovudine mono-therapy has shown that both current 

CD4 count and viral load levels independently predict the risk of clinical events in this 

short period of time®^\

5.2.5 Limitations, possible biases and general conclusion

Before drawing firm conclusions some limitations of the study should be discussed. 

One key limitation of observational studies is that, in clinical settings, patients are not 

randomised to start therapy immediately (at high CD4 count) or to delay the initiation of 

therapy (until a lower CD4 count) and this may introduce biaŝ ®̂ . In other words, in an 

observational setting, it is impossible to rule out the possibility that patients starting 

treatment at high CD4 counts are intrinsically different from those starting at low CD4 

counts. For example, patients starting at low CD4 counts may be those who are 

perceived to be less adherent by medical staff. In fact, it is likely that clinicians prefer to 

delay as much as possible the initiation of treatment in these patients®̂ ®. Unfortunately, 

a self-reported questionnaire on adherence was available only on a subset of the study 

population and these data have not been used in this analysis. Also, information 

regarding the quality of life of these patients after starting HAART was not available. In 

addition, only patients with a relatively high CD4 count would be eligible for a clinical 

trial with the objective of assessing the optimal time of when to start therapy. Time zero 

of the analysis of the trial would be the time of entry at which patients are randomised 

to start immediately or wait. In contrast, the time zero of the analysis presented here for 

patients with a low CD4 count is the time of initiation of therapy, which is likely to have 

occurred some time after these patients could be possibly be considered eligible for 

such a trial.

Secondly, different viral load assays have been used in this study and little attempt has 

been made to standardise these values. Since there is evidence that in the same 

specimen RT PCR measurements are about two fold higher than those measured with 

a b-DNA assay^ this could be a source of bias. However, similar results were found 

after applying this correction (data not shown). Further, each centre in I.Co.N.A. tends 

to use the same assay over time and Cox regression analysis was stratified by clinical 

centre. Similarly, the results of “time to virological failure” analysis can be affected by 

the way in which patients who were lost to follow-up have been handled. Again, 

conclusions were unchanged when the survival analysis was repeated having defined 

the patients who were lost to follow-up as failures.

This analysis does not directly address the question of what is the risk of developing an 

AIDS-defining illness in a patient who decides to delay the initiation of therapy until
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his/her CD4 count has fallen below 200 cells/pil compared to another patient who 

instead decides to start HAART at a CD4 count around 350 cells/pil. This is an 

important point as the development of an AIDS-defining illness is associated with poor 

quality of life and in case of lymphomas may lead to great uncertainty regarding 

possible future successful treatment®̂ ®'®®̂ . Unfortunately, longer follow-up and a larger 

number of clinical events would be needed in order to perform this analysis with 

adequate power. Moreover, by comparing the virological response to HAART 

according to the CD4 count nadir before therapy initiation, it has been implicitly 

assumed that patients have been in a certain CD4 count strata for a similar duration of 

time and this clearly may not be the case. Therefore, this analysis does not take into 

account any possible effect on the virological response due to differential duration of 

time with a certain CD4 count nadir.

In conclusion, the contribution of the I.Co.N.A study to the change of the current 

recommendations of when to start antiretroviral treatment in chronic HIV infection was 

shown. This stressed the important role of observational studies in providing 

information that will be relevant to clinicians and patients infected with HIV. Although 

these analyses were certainly not able to give firm answers, a few important points 

were brought to the attention of the scientific community. Most important of all, these 

findings suggested that there is no clear advantage in terms of subsequent virological 

and CD4 count response in starting HAART at a CD4 count >350 cells/pil compared to 

a CD4 count ranging between 201 and 350 cells/^il. In addition, the results of the Cox 

proportional hazards model suggest that even patients starting with a CD4 count ^200 

cells/pil may not experience a worse virological response to HAART than those starting 

with a CD4 count >350 cells/pil. Taking these results and those of the other studies 

mentioned above t oget her ^^  ,523,524 currently appears reasonable to consider both

the current CD4 count and viral load for determining the optimal initiation time for 

HAART. As far as the CD4 count is concerned, whilst both this analysis and that 

performed by Phillips and colleagues^®® do not show a clear association between a 

particular cut-off for pre-therapy CD4 count and virological response it appears 

prudent, at this point in time, to ensure that HAART is initiated before that CD4 count 

decreases below 200 cells/pil. The main argument for starting therapy when CD4 count 

are around 200 cells/pil is the immediate risk of AIDS associated with a CD4 count 

below this threshold. Further, it does not seem that the decrease in risk of therapy 

failure achieved by starting therapy at a CD4 count of 350 cells/pil compared to 200 

cells/nl is compensated by the potential significant increase in risk of severe adverse
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effects (such as lipodystrophy, mitochondrial toxicity, lipid abnormalities, osteopenia, 

and lactic acidosis) and consequent worsening of quality of life for the patients. An 

important issue that deserves more investigation is whether therapy initiation should be 

different according to the age and gender of the patient. There is evidence that patients 

who start HAART when they are younger have higher levels of CD4 count restorations 

compared to older patients possibly due to better preserved thymic tissue and 

function®®®’®̂®. Analogously, the association between gender and virological response to 

HAART has been the focus of few studies and remains controversial®®®’®®"̂. Further 

studies are therefore warranted to determine whether the recommendation on the 

optimal time when to start HAART should be differential according to age and gender.
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CHAPTER 6: ISSUES RELATED TO THE MANAGEMENT OF PATIENTS ON 

HAART

6.1 Introduction
In this chapter several questions related to the management of HIV-positive patients 

receiving HAART are addressed. The major drawback of antiretroviral therapy is that 

most of the anti-HIV drugs currently available are associated with toxicity that limits 

their full potential efficacŷ ^®'̂ ®̂ . Thus, the focus of the first analysis presented in this 

chapter is the description of the reasons for therapy discontinuation and the 

assessment of the prevalence of therapy discontinuation because of toxicity. However, 

when toxicity is not an issue, ART-naive patients starting HAART can still experience 

therapy failure because of other factors. Factors typically associated with an increased 

risk of virological failure are a high level of viral load before starting therapy, poor 

adherence, sub-optimal treatment (either because the regimen is not sufficiently potent 

or because of low level of absorption of the drugs in a particular patient), drug 

resistance (transmitted or developed during therapy) and other so far unrecognised 

f a c t o r s ^ I f  a patient experiences virological failure on his/her first therapy, the 

chance of achieving virological suppression on subsequent regimens seems always 

lower than the original probability of s u c c e s s ^ F o r  this reason, from a clinical point 

of view, it appears crucial to identify potential non-responders as soon as possible to 

avoid the development of drug-resistant viruŝ ®̂ ’̂ ®®. In the following sections, the 

possibility of using the viral load measured at week 4 and week 8 after starting HAART 

to identify these patients is evaluated.

Other issues may arise in patients whose viral load is controlled. Some of these 

patients may experience intermittent low level viral rebounds, or “blips”, which are of 

concern for both the patients and their clinicians. A blip is generally defined as a low 

level viral rebound between 50 and 500 copies/mL that is followed by another 

measurement of viral load that is again below the threshold of 50 copies/mL. The 

incidence of this phenomenon in clinical practice is estimated in another section of this 

chapter and the possible consequences of a blip on the subsequent chance of 

virological failure are studied. This is of particular importance when trying to define loss 

of viral suppression in patients with previously controlled viraemia. Under the debatable 

assumption that measurement error does not play a major role, if low level rebounds 

are intermittent and if they are not associated with worse subsequent viral response, 

then it is probably reasonable not to react to a single viral load between 51 and 500 

copies/mL. Finally, one of the recurrent questions in clinical practice is: given two 

specific drugs, say, A and B, which is most likely to be the best option in a particular
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group of patients? Whilst the correct instrument to address this kind of question is 

certainly a randomised clinical trial, given the great number of compounds currently on 

the market, results from clinical trials are not available for all the possible comparisons. 

For example, at the time at which this thesis was written, no substantive head-to-head 

randomised comparisons between efavirenz and nevirapine had been published. 

However, results from several observational studies are available^°^‘^̂ °. These two 

drugs are widely used in clinical practice both in naive and pre-treated patients and it is 

a crucial issue for clinicians and patients to have insights into the virological efficacy 

and toxicity of these drugs. Therefore, in the final section of this chapter, the CD4 count 

and virological response to nevirapine and efavirenz in combination with two NRTI was 

compared using data from I.Co.N.A.

6.2 Discontinuation of HAART: evidence from i.Co.N.A
Despite the decrease in morbidity observed after the introduction of HAART, 

antiretroviral therapy is currently unable to eradicate the virus from the body of an HIV- 

infected person and so it is thought that therapy has to be taken for life^^ '̂^^ '̂^ .̂ The 

major problem associated with having to take therapy for long periods is that all 

currently licensed drugs can cause moderate to severe toxic effects that may affect 

patients’ adherence and quality of life'^^. Further, low adherence, which is often a 

consequence of persistent side effects, may lead to sub-optimal therapy or to therapy 

discontinuation and ultimately to treatment failure due to drug-resistance^®°. Although 

the frequency and the effects of drug-related toxicity have been assessed in clinical 

trialŝ ®®’ ®̂®’®®̂, they have rarely been thoroughly evaluated in observational databases 
279-282 results from the analysis of the I.Co.N.A. database are presented in the 

following sections.

6.2.1 Statistical analvsis

A time to therapy discontinuation approach, similar to that described in chapter 4, was 

used for this analysis. Therapy discontinuation was defined as the time at which at 

least one of the drugs in the combination was stopped for the first time. Median times 

to therapy discontinuation according to reason and PI started were calculated using the 

Kaplan-Meier method. In the analysis of therapy discontinuation by reason, follow up 

time of patients who discontinued a drug for a reason that was different from the event- 

defining reason, were censored at the date of discontinuation for these other reasons. 

The risk associated with the time spent on HAART was calculated by using a fictional 

date of January 1, 1996 as the time zero for the analysis. Then, to calculate the 

hazards of therapy discontinuation associated with the other factors included in the
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proportional hazards model, patients were not included in the risk set until the date of 

initiation of HAART.

6.2.2 Results

A total of 862 patients recruited in I.Co.N.A. up to June 1999 were included in this 

analysis. A slighter older version of the database was used for this analysis that 

explains the difference in numbers between this analysis and that presented in chapter 

3. The baseline characteristics of the patients are shown in Table 6.2.1. Six hundred 

and thirty-two patients (73.3%) were males, 349 (40.5%) were intravenous drug users, 

183 (21.2%) were infected through homosexual contacts, 273 (31.7%) by heterosexual 

contacts and 57 (6.6%) by other or unknown routes. Most patients (68.5%) were 

asymptomatic, i.e. in group A of the US Centers for Disease Control and Prevention 

(CDC) staging system̂ ®®. The median CD4 count at HAART initiation was 309/piL 

(range: 1-1,294); median HIV-RNA was 4.78 log io copies/mL (range: 2.75-6.74). 

Laboratory markers have been measured approximately every 3 months; 28 patients 

(3.2%) had one measurement, 102 (11.8%) had two measurements, 164 (19.0%) had 

three measurements, and 568 (65.9%) had four or more measurements.

Table 6.2.1 also shows the distribution of patients according to the type of regimen 

started. The majority of the patients (83.9%) initiated two NRTI and a PI. Zidovudine 

and lamivudine were the most frequently used NRTIs (82.1% and 66.2% of patients, 

respectively). Stavudine was started by 23.7% of patients and didanosine by 21.3%; 

among the 727 patients starting two NRTI and one PI, indinavir was used in 394 

patients (54.2%), hard-gel saquinavir in 213 (29.3%), ritonavir in 110 (15.1%) and 

nelfinavir in 10 (1.4%). Among the 33 patients starting two NRTI and one NNRTI, 

nevirapine was the most commonly used (30 patients, 90.9%), efavirenz was used in 2 

patients and delavirdine in one patient. The most frequently used combination was 

zidovudine/lamivudine/indinavir (274 patients; 37.7%).

Over a median follow-up of 45 weeks (range: 1-102), a total of 312 (36.2%) patients 

discontinued their initial HAART regimen: 182 (21.1%) discontinued because of toxicity, 

44 (5.1%) discontinued because of failure, 61 (7.1%) discontinued because of non

adherence and 25 (2.9%) discontinued for other reasons.

Specific causes of discontinuation within this broad classification are shown in Table 

6.2.2. The main types of toxicity were gastro-intestinal intolerance and general side 

effects/symptoms that were observed in 9.5% and 6.8% of the study population, 

respectively.
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Table 6.2.1 Baseline characteristics of 862 patients initiating HAART

Baseline characteristics n (%)
Gender
Men 632 (73.3)
Age (years)
median (range) 34 (19-79)
Mode of HIV transmission
IVDU 349 (40.5)
Homosexuals 183 (21.2)
Heterosexuals 273 (31.7)
Other 57 (6.6)
CD4 count (cells/pL)
median (range) 309 (1-1,294)
HIV-RNA (log ioCoples/mL)
Median 4.78
Range 2.75-6.74
CDC category
A 590 (68.5)
B 166 (19.3)
C 106 (12.3)
Initial regimen
3 NRTI 15(1.7)
2 NRTI + PI 727 (84.3)

Saquinavir 213 (29.3)
Ritonavir 110(8.7)
Indinavir 394 (54.2)
Nelfinavir 10(1.4)

2 NRTI + NNRTI 33 (3.8)
3 other 4 (0.5)
> 4 drugs 83 (9.6)

PI=protease inhibitors, NNRTI= non-nucleoside reverse transcriptase inhibitors

Regarding the reasons for discontinuation for failure, high viral load (4.2%), rather than 

low CD4 count (0.6%), was the most common reason that clinicians decided to 

discontinue the prescribed treatment; discontinuation due to clinical failure was also 

infrequent (0.9%).
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Table 6.2.2 Main causes of discontinuation of the first antiretroviral regimen

Cause of discontinuation
Totai n=862 

n (%)
Toxicity 182(21.1)
Laboratory 31 (3.6)
Side effects/symptoms^^ 59 (6.8)
Hypersensitive reactions 9(1.0)
Gastro-intestinal intolerance 82 (9.5)
Lipodystrophy 1 (0.1)
Failure 44 (5.1)
Virological 36 (4.2)
Immunological 5 (0.6)
Clinical 3 (0.3)
Patient-reiated 61 (7.1)
Non-adherence 19(2.2)
Patient's decision 42 (4.9)
Other 25 (2.9)
Guidelines adequacy 1 (0.1)
Clinical contraindications 5 (0.6)
Other 19(2.2)
Totai 312 (36.2)
'’̂ Including nausea, vomiting, fatigue, abdominal pain, weight loss, dyspnea, etc

The probability of discontinuation because of toxicity and because of failure by a 

certain time from starting HAART was estimated using Kaplan-Meier analysis (Figure 

6.2.1). Discontinuations because of toxicity occurred earlier than discontinuations due 

to failure. After one year from starting HAART, 25.5% of patients (95% Cl: 21.9-28.9) 

were estimated to have discontinued the initial HAART treatment because of toxicity, 

whereas only 7.6% (95% 01: 4.9-10.3) of patients were estimated to have discontinued 

because of failure.

Figure 6.2.2 shows the probability of discontinuing because of toxicity according to the 

protease inhibitor started within the group of patients who started two NRTI and one 

protease inhibitor. It is clear from this plot that discontinuations because of toxicity in 

patients receiving ritonavir-containing regimens occurred earlier and more frequently 

compared to patients on indinavir- and saquinavir-containing regimens (log-rank

p=0.0001).
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Figure 6.2.1 Kaplan-Maier estimates of the probability of discontinuation according to reason
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Figure 6.2.2 Kaplan-Meier estimates of the probability of discontinuation because of toxicity according to PI started
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Table 6.2.3 (a) Crude and adjusted relative hazards (RH) for therapy 
discontinuation of the first HAART regimen due to toxicity in 717 patients 
who started 2 NRTI + saquinavir, ritonavir or indinavir

Discontinuation due to toxicity

Crude Adjusted
Characteristic RH (95% Cl) RH (95% Cl)

p-vaiue p-vaiue
Gender
Women 1.00 1.00
Men 0.44 (0.30-0.64) 0.43 (0.28-0.66)

p=0.0001 p=0.0002
Mode of HIV transmission
IVDU 1.00 1.00
Homosexuals 0.58 (0.35-0.97) 0.70(0.41-1.19)

p=0.04 p=0.19
Heterosexuals 1.09(0.72-1.65) 0.82(0.52-1.29)

p=0.68 p=0.40
Other 1.02 (0.48-2.19) 1.50(0.48-2.29)

p=0.95 p=0.90
Most recent CD4 count
(per 50 cells/mL higher) 0.89(0.77-1.02) 0.99(0.84-1.16)

p=0.09 p=0.86
Most recent HIV RNA
(per logio copies/mL higher) 1.24 (1.03-1.49) 1.21 (0.99-1.49)

p=0.02 p=0.07
Treatment
Saquinavir-containing 1.00 1.00
Indinavir-containing 1.68 (1.00-2.81) 1.63 (0.96-2.77)

p=0,05 p=0.07
Ritonavir-containing 3.58 (2.04-6.28) 3.66 (2.07-6.47)

Time spent on treatment^)
p=0.0001 p=0.0001

(per month longer) 0.84 (0.82-0.85) 0.92 (0.85-1.00)
p=0.0001 p=0.05

and it was calculated using a fictional time zero of

January 1,1996.

Crude and adjusted relative hazards for therapy discontinuation due to toxicity and to 

failure, from fitting a Cox regression model stratified for clinical centre, are shown in 

Tables 6.2.3 (a) and (b). Age, weight, presence of markers for HBV co-infection and 

HCV co-infection, baseline CD4 count, baseline HIV-RNA, CDC classification and 

mode of HIV transmission all failed to show any significant association with the 

probability of discontinuing treatment, whatever the reason (data not shown). In 

contrast, gender, time spent on treatment, and the type of regimen started were 

independently associated with the probability of discontinuing HAART because of 

toxicity. Specifically, men were 57% less likely than women to discontinue for toxicity 

(RH=0.43 95% Cl: 0.28-0.66, p=0.0002) after adjusting for mode of HIV transmission.
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CD4 count and viral load (most recent value), time since treatment was started, and 

type of treatment. Results were similar after further adjusting for patients’ weight at the 

time of receiving HAART (data not shown). Patients given indinavir- and ritonavir- 

containing regimens were more likely to discontinue HAART for toxicity than patients 

given saquinavir-containing regimens (RH=1.63 95% 01:0.96-2.77, p=0.07 for indinavir 

and RH=3.66 95% 01:2.07-6.47, p=0.0001 for ritonavir vs. saquinavir). Longer time 

spent on treatment was also weakly associated with a lower probability of discontinuing 

for toxicity (RH=0.92 per additional month spent on treatment, 95% 01: 0.85-1.00, 

p=0.05). Results were similar when the analyses were repeated on a subset of patients 

including only those who had a viral load below 500 copies/mL at the time of 

discontinuation (data not shown).

The type of treatment received and the most recent HIV-RNA level showed a 

significant independent association with the probability of discontinuing HAART 

because of failure (Table 6.2.3 b). Regimens containing indinavir were associated with 

a reduced probability of discontinuing because of failure as compared to saquinavir- 

containing regimens (RH=0.24 95% Cl: 0.08-0.73, p=0.01 for a given viral load and 

CD4 count, CDC stage classification, and Mode of HIV transmission). The comparison 

of saquinavir- with ritonavir-containing regimens was marginally non significant but the 

magnitude of the effect was remarkable (RH=0.20 95% Cl: 0.03-1.16 p=0.07). 

Interestingly, a higher CD4 count was associated with a decreased probability of 

discontinuing HAART because of failure in the univariable analysis but this association 

was no longer significant after controlling for the other covariates considered.

6.2.3 Review of other studies addressing the same topic 

Randomised ciinicai trials
Among patients receiving indinavir, 1 -4% have been reported to discontinue for toxicity 

in studies with follow-up periods ranging from 38 to 100 weeks^°^’̂ ®®. In a trial by 

Cameron and colleagues, over a median of 29 weeks, a higher proportion of patients 

adding ritonavir to a regimen containing up to two NRTI, discontinued because of 

toxicity compared to those who added placebo (21.1% vs. 8.3%)^^. In another study, 

approximately 5% of patients receiving hard-gel saquinavir discontinued for toxicity 

over a median of 24 weeks, with no differences with double combination therapy®®̂ .
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Table 6.2.3 (b) Crude and adjusted relative hazards (RH) for therapy discontinuation of 

the first HAART regimen due to treatment failure

Discontinuation due to treatment faiiure

Crude Adjusted
Characteristic RH (95% Ci) RH (95% Cl)

CDC category
p-vaiue p-vaiue

A 1 . 0 0 1 . 0 0

B 1.50 (0.56-4.02) 2.15 (0.56-8.34)
p=0.42 p=0.27

0 2.90 (1.10-7.65) 1.80 (0.38-8.40)

Mode of HiV transmission
p=0.03 p=0.46

IVDU 1 . 0 0 1 . 0 0

Homosexuals 2.06 (0.69-6.15) 1.32 (0.36-4.81)
p=0.19 p=0.67

Heterosexuals 2.60 (1.05-6.45) 1.68 (0.47-5.97)
p=0.04 p=0.42

Other 1.29 (0.31-5.45) 0.44 (0.06-3.49)

Most recent CD4 count
p=0.73 p=0.43

(50% cells/mL higher) 0.69 (0.54-0.87) 0.83 (0.56-1.25)

Most recent HiV RNA
p=0 . 0 0 2 p=0.38

(per logio copies/mL higher) 2.84 (1.92-4.18) 2.81 (1.62-4.86)

Treatment
p=0 . 0 0 0 1 p=0 . 0 0 0 2

Saquinavir-containing 1 . 0 0 1 . 0 0

Indinavir-containing 0.19 (0.07-0.49) 0.24 (0.08-0.73)
p=0.0007 p=0 .0 1

Ritonavir-containing 0.26 (0.06-1.21) 0.20 (0.03-1.16)
p=0.08 p=0.07

Observational studies
According to observational studies on HAART conducted among unselected pre

treated patients within 8  months of the date of initiation of therapy, approximately 25% 

of patients discontinue their initial HAART regimen due to failure, toxicity or non- 

adherence^ Van Roon and colleagues studied the incidence of discontinuation of 

HAART and its determinants in a clinical cohort of drug-naïve and experienced patients 

who mainly started saquinavir-containing regimens^®\ They found that 25% of patients 

discontinued HAART within the first year after starting therapy. The main predictors of 

discontinuing HAART in this study were a low baseline CD4 count and being drug- 

experienced at the time of starting HAART^®\

Observational studies provide valuable data for estimating the proportion of HIV- 

positive patients who discontinue their first HAART regimen and for identifying
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characteristics associated with discontinuation in routine clinical practice. The “real-life” 

allocation to different HAART regimens and the high proportion of women in I.Co.N.A., 

allow the analysis of the association between, for example, gender and the risk of 

therapy discontinuation. Of course, the comparison between the rate of discontinuation 

of a particuiar drug / regimen would be potentially biased by the fact that the study is 

not randomised. Indeed, it is conceivable that patients who are perceived to be less 

adherent to therapy (e.g. injecting drug users) may be also those who are started on 

regimens that are easier to take. As already mentioned several times in this thesis, the 

lack of randomisation is probably the most important limitation of observational studies. 

A more complete discussion of how to interpret the results of a drug comparison in 

observational studies can be found in section 6 .6 .

6.2.4 Interpretation of results

Discontinuation has been rarely addressed as a primary end-point in clinical trials, 

which generally evaluate treatment efficacy with an intention-to-treat approach, 

considering discontinuations as failures. This method of analysis, as shown in chapter 

4 (DEF strategy), would consequently penalise more aggressive / toxic combinations. 

Nevertheless, the results of different clinical trials seem to indicate that the frequency of 

discontinuations due to toxicity depends on the trial, on the duration of follow-up, and 

on the tested combination.

A key result of this observationai study is that 38% of the 862 patients studied 

discontinued their first antiretroviral regimen over a median follow-up of 45 weeks, a 

proportion for the most part higher than those reported in clinical trials. However it is 

important to bear in mind that in some cases only one of the NRTIs in the regimen (and 

not the PI) may have been discontinued. Overall, toxicity, which mainly occurred within 

the first three months, was implicated in about 55% (182 of 330) of the 

discontinuations, whereas failure, occurring later, was implicated only in about 13% (44 

of 330). The more frequent and earlier occurrence of discontinuations for toxicity were 

expected, since long-term toxicity, especially that believed to be associated with 

protease inhibitors®®\ could not be evaluated because of the relatively brief follow-up 

period. These results are remarkably similar to those of a clinical survey conducted in a 

large clinic in the UK and of the analysis of a database of a single clinic in London̂ ®®. 

The Kaplan-Meier estimates of time to discontinuation due to failure can be interpreted 

as the proportion of patients who discontinue their first regimen in an ideal world where 

these drugs had no toxic effects as patients' follow-up was censored if they 

discontinued for other reasons. Thus, interestingly, less than 10% of antiretroviral-naïve 

patients would discontinue their first HAART regimen because of failure by one year
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from starting therapy if they could tolerate their regimen perfectly (Figure 6.2.1). This is 

true under the assumption that the risk of discontinuing therapy because of failure is 

the same in patients who discontinue because of toxicity and in those who do not 

discontinue. The potential problem of informative censoring in this analysis is 

discussed in detail later in this section.

Though it is well known that patients are often more strictly observed in clinical trials 

than in general practice, the frequency of adverse events reported in trials is generally 

lower than that found in this analysis. This difference was found despite the fact that a 

proportion of patients in I.Co.N.A is actually enrolled in clinical trials. The reasons for 

this discrepancy are unclear but may be due to the fact that patients enrolled in clinical 

trials receive better support and counselling when experiencing adverse events while 

patients enrolled in observational studies are more representative of those seen in 

clinical practice®®®’®"̂ . Other studies conducted among observational cohorts of HIV- 

infected patients have reported higher rates of discontinuation and failure than those 

observed in clinical trialŝ ^®'̂ ®̂ . However, I.Co.N.A. was the first clinical database of 

previously antiretroviral-naïve patients in which the determinants of discontinuation of 

HAART were analysed according to the reason for stopping.

Another interesting finding of this analysis is that women were twice as likely as men to 

discontinue HAART due to toxicity. This result is controversial and has rarely been 

addressed in clinical trials; an observational study similar to I.Co.N.A. has shown that 

women were more likely to be excluded from the analysis of viral load because they 

discontinued double combination regimens or HAART more frequently than m en^\ 

Discontinuation due to toxicity was associated with the specific treatment combination 

started. Both indinavir- and ritonavir-containing regimens were associated with a higher 

risk of toxicity events compared to saquinavir-containing regimens. In particular toxicity 

events appeared to occur earlier and more frequently in patients who received ritonavir 

that in those who started, for example HG-saquinavir (Figure 6.2.2). This result was 

already known for the analysis performed in section 4.4. In the multivariable Cox 

model, the risk of discontinuation for toxicity was more than three times higher for 

patients given ritonavir and about 60% higher for patients given indinavir, as compared 

to patients given saquinavir. Although, given the definition of event in this analysis, it 

was not always the PI that was discontinued. Further, since patients were not randomly 

allocated to the different regimens, these findings need to be interpreted with 

cau t i on^None the less ,  ritonavir is known to be poorly tolerated, particularly as a 

result of gastro-intestinal problems, and this may lead to poor compliance^^^,502504
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mid-1998 ritonavir tablets were no longer available and patients on ritonavir-containing 

regimens were switched to the syrup formulation of ritonavir. The bad taste of the syrup 

may have increased the chance of discontinuing these regimens because of non

adherence (e.g. patients’ decision) but this was controlled for in the analysis by 

censoring follow-up times at the time of discontinuation for reasons other than the end

points of interest. The results are more difficult to interpret for indinavir, which is 

generally associated with a low rate of severe adverse events; however, the 

association was marginally non significant (p=0.07) in this analysis. The risk of 

discontinuation because of toxicity appears to decrease by 8% with each month on 

therapy, suggesting that first months of therapy are crucial and clinicians should 

provide special support during this period. Again, it must be emphasised that this study, 

due to the short follow-up, is currently unable to evaluate chronic long-term toxicity. 

Surprisingly, although patients with a high CD4 count are generally believed to tolerate 

drugs better than those with a low CD4 count, neither baseline nor most recent CD4 

count showed a statistically significant association with discontinuation because of 

toxicity. From the confidence interval around the estimate we cannot exclude that per 

50 cells/pl higher of the most recent CD4 count there is a 16% increase in the risk of 

discontinuing because of toxicity which may be due to the fact the patients with lower 

CD4 count are given more support and encouragement to remain on treatment despite 

the fact that they are experiencing toxicity.

The relatively good clinical status of the cohort at baseline (68% of patients were in 

CDC stage A) and the short follow-up can explain the low rate of discontinuations due 

to clinical failure (less than 1 %) over a median 45-week period of therapy. However, 

the CDC stage before starting therapy was not associated with the risk of discontinuing 

therapy because of failure. As expected, virological failure was a more common cause 

of therapy discontinuation than immunological or clinical failure.

In the multivariable Cox model, indinavir-containing regimens were associated with a 

reduced risk of discontinuation due to failure compared to saquinavir-containing 

regimens, which is consistent with the results of clinical trials and other similar 

observational studies^® ’̂ ®̂®'̂ .̂ Again, these results need to be interpreted cautiously 

since it is not a randomised comparison. However, the low bio-availability of hard-gel 

saquinavir Is well known and it is now almost exclusively used in combination with a 

low dose of ritonavir®" ’̂®̂ . The result that the most recent HIV-RNA level is predictive 

of discontinuation due to failure is not surprising and provides evidence that the 

classification of the reason of discontinuation given by the clinicians is reliable.
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6.2.5 Limitations, possible biases and general conclusion

Non-adherence, as reported by clinicians, was the cause of therapy discontinuation in 

approximately 7% of cases. This rate is lower than the rates observed in other cohorts 

of unselected patients and in controlled clinical tr ia ls ^ '^ . Because of how the reasons 

for discontinuations are collected in this study, it is likely that only non-adherence cases 

that were related to drug-taking behaviour were accounted for. Therefore, the 

prevalence of discontinuation because of adherence may have been underestimated. 

However, a more accurate assessment of adherence (self-reported questionnaire) was 

available only on a subset of patients of this study. It is also conceivable that patients 

initiating a first HAART treatment may be more likely to adhere than patients with a 

history of heavy treatment, and that clinicians, in a setting where medical care is free of 

charge, may correctly identify those patients at risk of low adherence and assign them 

to a non-PI regimen. Finally, some of the discontinuations primarily due to non

adherence may have been classified as virological failure, due to coexisting rebound in 

viral load, or other reasons.

In general, it can be argued that the incidence of therapy discontinuation is an 

incomplete assessment of the frequency of drug toxicity in clinical practice. Indeed, 

many patients continue therapy despite experiencing side effects so that the real 

incidence of adverse events may have been underestimated in this analysis. However, 

other studies that have looked at the frequency of adverse events, together with the 

frequency of drug discontinuation, have found a close correlation between the two 

rates®®̂ ’®°̂ .
Further, some aspects of the statistical analysis performed need to be discussed 

before interpreting the results and drawing final conclusions. First, survival analysis is 

appropriate only if censoring is not Informative. In this analysis, this means that the 

probability of discontinuation because of toxicity in patients who discontinued because 

of, say, failure is identical to that of patients who, at that time, are still at risk of 

discontinuing. If this assumption does not hold true results may be affected by bias®"̂ .̂ 

However, the analysis for studying the factors associated with discontinuing for toxicity 

was repeated, including only patients who had a viral load below 500 coples/mL at the 

time of discontinuation; this analysis provided very similar results (data not shown), 

suggesting that, if this bias exists, it is probably small. A possible limitation of the study 

is that I.Co.N.A. includes patients from 65 different infectious diseases wards, and the 

way in which the individual wards determined the single reason for discontinuation in 

cases of concomitant reasons may have varied. However, this bias has been partially 

corrected by close central monitoring of all data (see chapter 2); moreover, the
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potential confounding effect of the individual wards has been controlled for in the 

analyses by fitting a Cox modei stratified by centre.

Patients receiving indinavir- and ritonavir-containing HAART regimens, had a lower 

chance of discontinuing HAART because of failure but a higher risk of discontinuing 

because of toxicity compared to those receiving hard-gel saquinavir. Continuation of 

initial HAART regimen in antiretroviral-naïve patients is cruciai for maintaining long

term viral suppression. USA and UK guidelines, because of the problems of intolerance 

and toxicity associated with Pl-containing regimens, indicate HAART regimens 

including two NRTI and one NNRTI as a viable alternative^®®’̂ ®®. Aiso, in light of recent 

evidence of the efficacy of ritonavir-boosted regimens in both antiretroviral-experienced 

and naïve patients, this therapy is now recommended as first line treatment or for 

patients who have previously failed a Pl-containing regimen̂ ®®. An interesting result of 

this analysis is the acknowledgement of the fact that, under the assumption of non- 

informative censoring, if HAART regimen caused no toxicity, less than 10% of ART- 

naive patients would discontinue their initial treatment because of failure by one year of 

therapy.

6.3 The predictive vaiue of virai ioads measured over the first two months of 
HAART: when to modify the first HAART regimen?
Several studies have been conducted to evaluate the predictors of initial virological 

response to HAART in previously antiretroviral-naïve or experienced patients^

As aiso shown in chapter 3, a higher viral load at the time of starting HAART is 

associated with a iower probability of reaching a viral load below 500 copies/mL, in 

both antiretroviral-naïve and experienced patients. Another analysis investigated the 

prognostic value of week 16 viral load to predict viral success at week 52® .̂ However, 

little is known about the relationship between the viral response to HAART over the first 

24 weeks of therapy and virai load values measured 1-2 months after initiation of 

HAART®®̂  ®̂ . From a clinical point of view, it is important to know if it would be possible 

to have some indication of whether a patient is likely to fail to achieve an undetectable 

viral load at week 24 by looking at virai load trajectories over the first two months of 

therapy. Once such a patient has been identified, it may be possible to promptly 

investigate the reasons for their projected sub-optimal response and to make changes 

(e.g. intensify treatment, change drugs, provide additional adherence support) to 

prevent unnecessary periods of ongoing viral replication in the presence of drugs, 

which can lead to the development of drug resistance^® ’̂̂ ®®®®®. This is particuiarly 

relevant for patients who initiate HAART for the first time. Powderly and coileagues 

have shown that a viral load reduction of 2.5 logio copies/mL or greater in the first 4
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weeks of treatment afforded the highest probability of viral suppression at week 48 

(^50 copies/mL) in patients starting a regimen containing nelfinavir, zidovudine and 

lamivudine^® .̂ Huang and colleagues reported that 3-25% of naïve patients starting 

HAART were “off-track” for viral suppression by week 2-4 but that being off-track was 

not predictive of the subsequent viral response. The conclusion of these authors is that 

it is problematic to identify future non-responders using the viral loads measured up to 

week 4®'̂ ®.

In the following sections the probability of achieving a viral load ^500 copies/mL by 

week 24 of HAART according to pre-therapy, week 4, and week 8 viral loads, 

estimated using the UNIF cohort are reported for clinical use.

6.3.1 Studv population

To evaluate whether patients who are virological non-responders at week 24 could be 

identified in light of their week 4 and week 8 viral load the UNIF database was 

analysed. This is an ideal study in which to investigate this issue as patients recruited 

in the cohort are frequently monitored (every 4 weeks) and are seen in a routine clinical 

setting, without selection.

The analysis is focussed on previously antiretroviral-naïve patients who fulfilled the 

following criteria: 1. Patients started at least three antiretroviral drugs and had a pre- 

HAART viral load (measured less than 4 weeks prior to starting therapy) >500 

copies/mL, 2. A viral load was measured at week 4 (or at week 8) and at least one viral 

load in the window ranging from week 12 to week 24 of therapy was available.

Windows from day 15 to day 35 and from day 36 to day 63 were used, respectively, to 

define the week 4 and week 8 viral loads. The windows are not centred around week 4 

and week 8 in the attempt to include the largest possible number of patients in the 

analysis. When more than one HIV-RNA was measured in these windows, the 

measurement closest to week 4 or week 8 was used. In the event of a tie, the later of 

the two measurements was used. Using these definitions, 361 patients (79.7%) had a 

measure of viral load 4 weeks after the initiation of therapy and 348 (76.8%) had a 

measure of viral load 8 weeks after the initiation of therapy. 256 patients (56.5%) had a 

measure of viral load both at week 4 and at week 8.

6.3.2 Methods

Patients were grouped according to their pre-HAART viral load using the cut-offs of 

10,000, 100,000, and 1,000,000 copies/mL and according to both week 4 and week 8 

viral ioads using the cut-offs of 500, 1,000, and 10,000 copies/mL. The frequency 

distribution of patients starting at various levels of pre-HAART viral load according to
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the viral load levels achieved by 4-8 weeks was calculated. To study the prognostic 

value of the week 4 viral load in predicting the rate of achieving a viral load ^500 

copies/mL by week 24, only patients whose week 4 viral load was above 500 

copies/mL were included (n=208). Similarly, to study the predictive value of the week 8 

viral load only patients whose viral load had not reached 500 copies/mL before week 8 

(n=103) were included.

The virological endpoint was defined using a method similar to approach B2) described 

in section 2.3. More specifically, patients who, between week 12 and week 24 (days 

84-168), achieved a viral load s500 copies/mL on at least one occasion were defined 

as “successes”. Since the main aim of the analysis was the response at week 24, if a 

patient subsequently experienced virological rebound he/she was still counted as a 

success in this analysis.

It is reasonable to assume that treatment modifications made before week 16 of 

therapy are more likely to be due to intolerance or toxicity rather than to poor viral 

response. However, any treatment modification occurring after week 16 with a viral 

load >500 copies/mL could be due to perceived poor viral response and failing to take 

this into account could have biased the estimates. Thus, viral loads obtained after the 

date of first therapy modification and occurring after week 16 have been ignored. 

Patients included in the analysis were those who had at least one viral load 

measurement in the window ranging between week 12 and week 24 obtained while 

they were still on the same treatment that they were receiving at week 16.

The observed probabilities of achieving a viral load ^500 copies/mL by week 24 

according to the viral load pre-HAART, the week 4 viral load and the week 8 viral load 

concentrations were calculated. In addition, a logistic regression of the binary response 

“virological success by week 24” with the pre-HAART, week 4 and week 8 viral loads 

as continuous covariates was performed"̂ "̂̂ . Separate models including the change in 

viral load from pre-HAART levels to week 4 and the change from pre-HAART levels to 

week 8 were also fitted.

The observed probabilities of virological success according to the absolute value of 

pre-HAART viral load and week 4 and week 8 viral load rather than the week 4 and 

week 8 changes from pre-HAART values have been reported so that results could be 

directly translated into clinical recommendations. Indeed, the probability of success for 

a given change in viral load from pre-HAART values can be approximately calculated 

from these data. However, the probabilities of achieving a viral load ^500 copies/mL 

per 1 logio decrease in viral load from pre-HAART levels, as estimated from the logistic 

regression, are also given. In these models, only the crude estimates were calculated
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(i.e. without adjusting for pre-HAART viral load levels) as the covariate “change” 

already incorporates this information.

The logistic regression analysis was repeated to evaluate the prognostic value of week 

4 and week 8 viral load in predicting patients who achieved a viral load below 50 

copies/mL between week 12 and week 24. This analysis was performed only on 165 

patients who started HAART after January 1, 1998.

In patients who had reached a viral load below 500 copies/mL before week 24, the 

prognostic value of week 4 and week 8 viral loads in predicting which patients were 

more iikely to sustain the achieved viral suppression up to week 48 was assessed. 

Patients whose viral loads remained below 500 copies/mL for the time period ranging 

between week 24 and week 48 were defined as “successes”, all other patients were 

defined as “failures”. A logistic regression with this binary outcome was performed.

6.3.3 Results

The characteristics of the patients included in the analysis are shown in Table 6.3.1. 

The patients were predominantly male (80.3%), 37 years old on average, and acquired 

HIV infection via homosexual contacts (49.2%). The patients were all previously 

antiretroviral-naïve, starting HAART with relatively advanced disease, with a median 

CD4 count pre-HAART of around 210 cells/jil (rangeil-1,305) and a median plasma 

viral load of 5.4 logio copies/mL (range:2.8-6.7). The majority of patients (52.1%) 

started 2 NRTIs and one PI, or 2 NRTIs and one NNRTI (25.4%). The NRTIs most 

frequently used were: lamivudine (97.6%), zidovudine (62.0%), didanosine (19.2%), 

and stavudine (23.6%). Some patients started the NNRTIs nevirapine (19.6%) or 

efavirenz (10.6%). Among those starting a PI, the majority of patients started indinavir 

(41.7%) with smaller proportions starting nelfinavir (18.1%) or ritonavir (7.7%). The 

characteristics of patients with available measures of viral load at week 4 and or at 

week 8 were very similar to those observed overall (Table 6.3.1). Of the 361 patients 

whose week 4 viral load was available, 208 (57.6%) had not yet achieved a viral load 

^500 copies/mL and were followed, on average, for 17.1 weeks from week 4 to the last 

available viral load measured within 24 weeks of initiation of HAART. Of the 348 

patients with available week 8 viral load, 103 (29.6%) had not yet achieved a viral load 

^500 copies/mL by week 8 and these patients were followed, on average, for 13.6 

weeks from week 8 to the last available viral load before week 24. Of all patients, 70 

patients (15.5%) had only one available measure of viral load between week 12 and 

week 24 from starting HAART, 173 patients (38.2%) had 2 measurements and 200 

patients (46.3%) had 3 or more determinations.
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Table 6.3.1 - Characteristics of all the patients and of patients included in the week 4

A ll patients Week4
analysis

Weeks
analysis

Gender
Male 363 (80.3) 293 (81.4) 282(81.3)

Mode of
HIV transmission

Homosexual sex 223 (49.2) 181 (50.1) 176 (50.6)
Injecting drug use 77 (17.0) 61 (16.9) 54 (15.5)
Heterosexual sex 110(24.3) 90 (24.9) 84 (24.1)
Other 43 (9.5) 29 (8.0) 34 (9.8)

Age (years)
median (range) 37 (18-66) 36 (18-65) 37 (19-66)

HiV RNA pre-HAART
(logio copies/mL)
median (range) 5.41 (2.78-6.73) 5.38(2.78-6.73) 5.41 (2.85-6.73)

CD4 count pre-HAART
(cells/pl)

median (range) 209 (1-1035) 210(1-1035) 212(3-1035)
HAART regimen

3 NRTI 18 (4.0) 12 (3.3) 15 (4.3)
2 NRTI + PI 236 (52.1) 186 (51.5) 180 (51.7)
2 NRTI + NNRTI 115(25.4) 99 (27.4) 79 (22.7)
>3 drugs or other 84 (18.5) 64 (17.7) 74(21.3)

NRTi started
Zidovudine 281 (62.0) 228 (63.2) 221 (63.5)
Zalcitabine 4 (0.9) 3 (0.8) 3 (0.9)
Didanosine 87 (19.2) 67 (18.6) 59 (17.0)
Stavudine 107 (23.6) 77 (21.3) 87 (25.0)
Lamivudine 442 (97.6) 355 (98.3) 339 (97.4)
Abacavir 38 (8.4) 26 (7.2) 34 (9.8)

NNRTi started
Nevirapine 89 (19.6) 76 (21.1) 56 (16.1)
Efavirenz 48 (10.6) 42 (11.6) 42 (12.1)

Pi started
HG-Saquinavir 24 (5.3) 20 (5.5) 21 (6.0)
Indinavir 189(41.7) 141 (39.1) 159 (45.7)
Ritonavir 35 (7.7) 26 (7.2) 27 (7.8)
Nelfinavir 82 (18.1) 66 (18.3) 55 (15.8)
SG-Saquinavir 2 (0.4) 2 (0.6) 2 (0.6)
Amprenavir 2 (0.4) 2 (0.6) 2 (0.6)

With HiV RNA>500 by
week 4 / week 8 208 (57.6) 103 (29.6)
Foiiow-up (weeks) ^

median (range) 17.1 (8.7-21.0) 13.6 (4.4-18.1)
Totai (n) 453 (100.0) 361 (100.0) 348 (100.0)
256 patients are included both in the week 4 and the week 8 analysis
105 patients are included in the week 4 analysis but not in the week 8 analysis (i.e. 256+105=361)
92 patients are included in the week 8 analysis but not in the week 4 analysis (i.e. 256+92=348) 
" ĉalculated on 208 (week 4) and 103 (week 8) patients as time from week 4 or time from week 8 to last 
available HIV RNA<24 weeks
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Table 6.3.2 Observed proportions of patients according to the viral loads at week 4 and week 8, 

and the pre-therapy viral load

a) Week 4 viral load (copies/mL)

Pre-HAART VL 0-500 501-1,000 1,001-10,000 >10,000 Total

501-10,000
10,001-100,000

100,001-1,000,000
>1,000,000

16 (64.0) 
59 (67.1) 
64 (37.9) 
14 (17.7)

5 (20.0) 
11 (12.5) 
24 (14.2) 
13 (16.5)

3(12.0) 
12 (13.6) 
64 (37.9) 
43 (54.4)

1 (4.0)
6 (6.8) 

17(10.1) 
9(11.3)

25 (100.0) 
88 (100.0) 
169 (100.0) 
79 (100.0)

Total 153 (42.4) 53 (14.7) 122 (33.8) 33 (9.1) 361 (100.0)

b) Week 8 viral load (coples/mL)

Pre-HAART VL 0-500 501-1,000 1,001-10,000 >10,000 Total

501-10,000 
10,001-100,000 

100,001-1,000,000 
>1,000,000

18 (78.3) 
77 (84.6) 
113 (69.8) 
37 (51.4)

1 (4.4)
4 (4.4) 

21 (13.0) 
7 (9.7)

3(13.0) 
6 (6.6) 

17(10.5) 
18 (25.0)

I (4.3)
4 (4.4)
I I  (6.7) 

10 (13.9)

23 (100.0) 
91 (100.0) 
162 (100.0) 
72 (100.0)

Total 245 (70.4) 33 (9.5) 44 (12.6) 26 (7.5) 348 (100.0)



Virological suppression below 500 copies/mL by week 24
Tables 6.3.2 (a) and (b) show the distribution of patients according to their pre-HAART 

virai load and the 4-8 week viral loads. These tables can be read as the “expected 

proportion of patients” falling in each of the 4-8 week viral load level categories for a 

given pre-HAART viral load level. Thus, for example, of the 79 patients whose pre- 

HAART viral load was above 1 million copies/mL, 14 (17.7%) achieved a viral load 

s500 copies/mL by week 4 but the majority (n=43, 54.4%) still had a viral load between

1.000 and 10,000 copies/mL at that point in time (Table 6.3.2-a). However, most of 

those starting with 100,000 copies/mL or less had already achieved a viral load ^500 

copies/mL by 4 weeks. Many more patients achieved a viral load s500 copies/mL by 

week 8 irrespective of their pre-HAART level (n=245 out of 348, 70.4%) and, again, not 

surprisingly, the rate of achievement was higher in patients with lower levels of pre- 

HAART viral load (Table 6.3.2-b). Overall, 175 out of 208 patients (84.1%) included in 

the prospective week 4 viral load analysis achieved a viral load ^500 copies/mL by 

week 24. The observed probabilities of success for different levels of the pre-HAART 

viral load and of the week 4 viral load are shown in Table 6.3.3. The pre-HAART viral 

load did not show any association with the observed chance of reaching a viral load 

s500 copies/mL (chi-squared=1.00 p=0.80. Table 6.3.3). In contrast, the week 4 viral 

load appeared to be a strong predictor of the subsequent virological response. The 

probability of achieving a viral load s500 copies/mL by week 24 decreases dramatically 

for values of the week 4 viral load above 10,000 copies/mL (chi-squared= 17.1 

p=0.001. Table 6.3.3). However, even in patients whose week 4 viral load was above

10.000 copies/mL, the overall chance of a value ^500 copies/mL by week 24 was still 

61%. Patients starting HAART with a viral load higher than 1 million copies/mL, and 

whose week 4 viral load was still above 10,000 copies/mL, showed a lower chance of 

achieving a viral load ^500 copies/mL by week 24 (4 out of 9 patients, 44.4%, 95% Cl: 

13.7%-78.8%, Table 6.3.3). The observed probabilities of achieving a viral load ^500 

copies/mL by week 24 according to the week 8 viral load are shown in Table 6.3.4. As 

expected, in this group of 103 patients whose viral load had not reached 500 copies/mL 

before week 8, the overall chance of reaching a viral load :s500 copies/mL by week 24 

was lower than in the previous analysis (79 successes, 76.7%, 95% 01: 67.6%- 

84.5%). Again, the crude prognostic value of week 8 viral load was higher (chi- 

squared=23.2 p=0.001) than that of pre-HAART viral load (chi-squared=2.19 p=0.53). 

In this analysis, in patients whose week 8 viral load was still above 10,000 copies/mL, 

the overall chance of achieving a viral load ^500 copies/mL over the subsequent 8 

weeks was only 42.3% (Table 6.3.4).
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Table 6.3.3 Observed probability of achieving a viral load s500 copies/mL by week 24 
from starting HAART according to the week 4 viral load and the pre-HAART viral load 
in patients whose week 4 viral load was above 500 copies/mL_______________

Week 4 viral load (coples/mL)

Pre- 
HAART VL

501-
1,000

1,001-
10,000

>10,000 Total

501- 5/5 3/3 0/1 8/9

10,000 (100.0) (100.0) (0.0) (88.9)

10,001- 11/11 12/12 3/6 26/29

100,000 (100.0) (100.0) (50.0) (89.7)

100,001- 21/24 53/64 13/17 87/105

1,000,000 (87.5) (82.8) (76.5) (82.9)

>1,000,000 12/13 38/43 4/9 54/65

(92.3) (88.4) (44.4) (83.1)

Total 49/53 106/122 20/33 175/208

(92.5) (86.9) (60.6) (84.1)

/= 17 .1  p=0.001 (*)

/ = 1.0

^h'est the association between the week 4 viral load and the week 24 probability of virological success; 

^ e s t  the association between the pre-HAART viral load and the week 24 probability of virological 

success

In order to better compare the relative prognostic values of the pre-HAART viral load, 

the week 4 viral load, and the week 8 viral load, a logistic regression analysis was 

performed. Tables 6.3.3 6.3.4 suggested that the relationship between the chance of 

achieving a viral load ^500 copies/mL and the pre-HAART viral load could be different 

according to the level of week 4-8 viral load. This method of analysis allowed us to 

formally test for a possible interaction between the two covariates expressing the viral 

load levels pre-HAART and at week 4-8 (included in the model as continuous 

covariates). The test for interaction was, however, not significant (Wald test p=0.19 

and p=0.06, for week 4 and week 8, respectively). From fitting a logistic model 

including the pre-HAART viral load, the week 4 viral load, and the week 8 viral load as 

continuous covariates, the results suggested that the week 8 viral load was the 

strongest predictor (Wald tests=0.02, 6.11, and 12.63, respectively for pre-HAART, 

week 4 and week 8 viral load). The estimated adjusted relative odds of achieving a 

viral load s500 copies/mL by week 24, irrespective of the previous viral load levels, 

was 0.42 (95% Cl: 0.26-0.68, p=0.0004) per 1 logio higher week 8 viral load (Table
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6.3.5). The change in viral load was also more predictive after 8 weeks than after 4 

weeks of HAART. The univariabie relative odds of viral success per 1 logio greater 

week 8 decrease in viral load from pre-HAART levels was 1.99 (95% Cl: 1.45-2.73, 

p=0.0001, Table 6.3.5). Several other cofactors Including gender, CDC stage, age, and 

CD4 count at the time of starting HAART failed to be significantly associated with the 

risk of virologlcal success.

Table 6.3.4 Observed probability of achieving a viral load s500 coples/mL by week 24 
from starting HAART according to the week 8 viral load and the pre-HAART viral load

Week 8 viral load (copies/mL)

Pre- 
HAART VL

501-
1,000

1,001-
10,000

>10,000 Total

501- 1/1 2/3 0/1 3/5

10,000 (100.0) (66.7) (0.0) (60.0)

10,001- 4/4 6/6 2/4 12/14

100,000 (100.0) (100.0) (50.0) (85.7) /= 2 .2
100,001- 20/21 15/17 4/11 39/49 p=0.53'">

1,000,000 (95.2) (88.2) (36.4) (79.6)

>1,000,000 5/7 15/18 5/10 25/35

(71.4) (83.3) (50.0) (71.4)

Total 30/33 38/44 11/26 79/103

(90.9) (86.4) (42.3) (76.7)

/=23 .2  p=0W1^^

'"Test the association between the week 8 viral load and the week 24 probability of virologlcal success; 

*̂*h'est the association between the pre-HAART viral load and the week 24 probability of virological 

success

Virological suppression below 50 copies/mL by week 24

One hundred and twenty-four patients (75.2%) of the 165 who started HAART after 

January 1, 1998 had a viral load >50 coples/mL at week 4 of therapy. Of these, 90 

(72.6%) achieved a viral load below 50 coples/mL by week 24; the probabilities of viral 

suppression were 88.7% (47 out of 53) In patients with week 4 viral load 50-500 

coples/mL, 68.4% (13 out of 19) In those with week 4 viral load 501-1,000 coples/mL, 

and 57.7% (30 out of 52) In those with a viral load >1,000 coples/mL (chl- 

squared=16.1, p=0.001). One hundred and ten patients had a viral load >50 by week 8
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and 72 (65.5%) achieved suppression below 50 copies/mL by week 24; the 

probabilities of viral suppression according to the week 8 viral load were 75.3% (55 out 

of 73), 76,9% (10 out of 13), and 29.1% (7 out of 24), respectively in patients with 

week 8 viral load ranging between 50-500 copies/mL, between 501 -1,000 copies/mL, 

and in those with week 8 viral load >1,000 copies/mL (chi-squared=19.4, p=0.001). In 

this group of patients, the week 4 viral load was a stronger predictor of viral success 

than the week 8 viral load in a multivariable logistic regression analysis (adjusted odds 

ratio of achieving a viral load ^50 copies/mL by week 24 was 0.39 per 1 logio higher 

week 4 viral load, 95% Cl: 0.16-0.92, p=0.03).

Sustained virological suppression up to week 48

Two hundred and ninety-two patients achieved a viral load s500 copies/mL before 

week 24 and had at least one viral load measurement in the window ranging between 

week 24 and week 48. Of these, 251 (86.0%) remained virologically suppressed below 

500 copies/mL up to week 48. A week 8 viral load of 0-500 copies/mL was associated 

with a 85.2% chance (173 out of 203 patients) of maintaining viral suppression up to 

week 48, a week 8 viral load of 501-1,000 copies/mL with a 87.5% chance (21 out of 

24 patients), a week 8 viral load 1,001-10,000 with a 78.8% chance (26 out of 33 

patients), and a week 8 viral load >10,000 with a 33.3% chance (3 out of 9, chi- 

squared=17.1, p=0.001). Viral load at week 8 was the only significant independent 

predictor in the logistic regression analysis (adjusted odds ratio of sustained viral 

suppression OR=0.54 per 1 logio higher week 8 viral load, 95% 01: 0.32-0.93, p=0.03).
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Table 6.3.5 Odds ratio of achieving a viral load aSOO copies/mL by week 24 from fitting a logistic regression model

i

Crude Adjusted

Cofactor OR (95% Cl) p-value OR (95% Cl) p~value

Pre-HAART VL

Per logioCopies/mL higher 1.01 (0.67-1.53) 0.96 0.95 (0.51-1.78) 0.88

Week 4 VL

Per logioCopies/mL higher 0.37 (0.22-0.62) 0.002 0.45 (0.24-0.85) 0.01

Week 8 VL

Per logioCopies/mL higher 0.32 (0.20-0.49) 0.0001 0.42 (0.26-0.68) 0.0004

Week 4 decrease in VL

Per logioCopies/mL higher 1.55 (1.10-2.20) 0.01

Week 8 decrease in VL

Per logioCopies/mL higher 1.99 (1.45-2.73) 0.0001



6.3.4 Interpretation

The initial response to HAART in a group of previously antiretroviral-naive patients 

enrolled in UNIF was described in detail with this analysis. Patients in this cohort are 

very frequently monitored and continuously motivated to be adherent to their 

antiretroviral treatment. This may explain the high rate of patients achieving a viral load 

3500 copies/mL by weeks 4 and 8 in this population compared to other HIV clinics in 

Europe^® .̂ However, the estimated probability shown in Table 6.3.2 (a) and (b) should 

provide a rough description of the expected viral response of naïve patients in other 

clinical settings.

These data also clearly show that the week 4 and the week 8 viral loads are strong 

predictors of the viral response over the first 24 weeks of HAART. The relationship 

between the chance of achieving a viral load 3500 copies/mL and the week 4 and 

week 8 viral loads seems unlikely to differ according to various levels of pre-HAART 

viral load (test for interaction was not significant). This result is in agreement with the 

findings of another previous studŷ ®̂ . In contrast, the viral load measured at the time of 

HAART was not predictive of virological success by week 24 (Tables 6.3.3-6.3.5). This 

result appears to contradict those of several previous r e p o r t s ^ a n d  in chapter 

3 of this thesis. However, this may be explained by the fact that, in this analysis, the 

predictive value of pre-HAART viral load was assessed in “selected” populations of 

patients with a viral load above 500 copies/mL by weeks 4-8.

In the clinical management of previously antiretroviral-naive patients starting HAART it 

is crucial to detect early signs that there will be incomplete suppression of viral load at 

week 24. Inadequate viral suppression under therapy may lead to early development of 

drug-resistant virus and eventually to virological failure^® ’̂̂ ®®. The virological response 

to a second line HAART regimen in patients experiencing virological failure after 

receiving their first HAART regimen is usually inferior compared to the response in 

antiretroviral-naive p a t i e n t s ^ T h u s ,  there is a need in these patients to assess the 

reasons for the observed incomplete suppression so that the patient's management 

can be adjusted accordingly. Currently, suggestions on when to change (or intensify) 

the initial therapy in patients who show an incomplete response to their first HAART 

regimen within the first 24 weeks of starting HAART are based on theoretical 

considerations rather than “evidence based” medicine (e.g. a change in therapy is 

often recommended if the viral load is still above 500 copies/mL by week 24). Similarly, 

a minimum 2 logio copies/mL decline has been indicated as the average “expected” 4 

week decline in previously antiretroviral naïve patients starting HAART. Thus, patients 

whose viral load does not drop by at least 2 logio copies/mL by week 4 of HAART
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should be considered as possible early non responders®®  ̂ Unfortunately, there are 

only limited data to support this recommendation^

A previous report indicated that it would be problematic to identify early non 

responders using the viral loads measured between weeks 2 and 4 among patients 

starting HAART for the first time®̂ .̂ The analysis presented in this section shows that 

around 85% of the patients whose viral load was still above 500 copies/mL at week 4 

achieved a viral load ^500 copies/mL before week 24 from the date of starting HAART. 

Even patients whose week 4 viral load was still above 10,000 copies, regardless of 

their pre-HAART levels, had a 61% chance of achieving a viral load ^500 copies/mL by 

24 weeks of therapy (Table 6.3.3). Week 4 viral load was a strong predictor of viral 

suppression below 50 copies/mL. Patients with a viral load >1,000 copies/mL at week 

4 retained a 58% chance (30 out of 52 patients) of achieving a viral load ^50 

copies/mL by week 24. However, the association between week 8 viral load and 

probability of having an undetectable viral load by week 24 seems stronger. The 

chance of reaching a viral load ^500 copies/mL by week 24 in patients whose week 8 

viral load was still above 10,000 copies/mL was only 42% (Table 6.3.4), and a week 8 

viral load >1,000 copies/mL was associated with only a 29% chance of reaching a viral 

load <50 copies/mL by week 24. Further, in patients who achieved a viral load ^500 

copies/mL by week 24, those who had a week 8 viral load >10,000 copies/mL had only 

33% chance of maintaining viral suppression below 500 copies/mL over the 

subsequent 24 week period. From fitting a logistic regression model, the probability of 

achieving a viral load ^500 copies/mL by week 24 was 60% lower per logio higher level 

of the week 8 viral load, regardless of previous viral load values (Table 6.3.5). Once 

viral suppression below 500 copies/mL was achieved, the chance of maintaining it was 

45% lower per logio higher level of the week 8 viral load. So these data indicate that 

the week 8 viral load can indeed be useful in the early management of naïve patients 

starting HAART to identify those who have little chance of suppressing and maintaining 

a viral load 3500 copies/mL. Insights provided by these results are also relevant for 

planning clinical trials with the aim of assessing the utility of possible interventions. 

Reasons for incomplete suppression after starting HAART for the first time include 

drug-intolerance, drug-toxicity, drug-resistance, non-adherence, insufficient drug- 

absorption or other, thus far unrecognised, factors. Even when viral loads are 

monitored every 4 weeks after the initiation of HAART, there are no published data 

containing information which can help clinicians in associating a probability of reaching 

a viral load 3500 copies/mL by week 24 with a viral load determinations measured 

before 12 weeks of therapy. On the basis of these findings, for patients whose viral
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load after 8 weeks of therapy is still above 10,000, (which was found in 7.5% of the 

patients included in this analysis and was associated with only a 42% chance of 

achieving a viral load z500 copies/mL by 24 weeks) there is an urgent need to assess 

adherence to therapy, drug levels and resistance, and, if appropriate, change therapy. 

It is also established that assessment of non-adherence and drug-absorption in a 

clinical setting is a very difficult task^"^ ®  ̂® .̂ A viral load above 10,000 copies/mL after 

8 weeks of HAART in patients who harbour no resistant virus may be indirect evidence 

of non-adherence or poor drug absorption.

6.4 Defining a threshoid for viroiogicai faiiure: intermittent virai ioads or “biips” 
in UNiF and Swiss HiV Cohort Study (SHCS)

The achievement of viral suppression below 50 copies/mL is widely accepted as a 

requirement for long-term response to antiretroviral therapy^ This

recommendation is supported by the fact that, at this point in time, there is little 

evidence that, in patients starting HAART when antiretroviral-naive, resistance may 

occur when the viral load is so loŵ ®̂ ’̂ ®̂. However, ongoing viral replication with an HIV 

RNA level ranging between 51 and 500 copies/mL (low level viral rebound), which 

could lead to the selection of resistance, raises concern regarding the durability of 

response to HAART̂ ®̂ ®®̂ .

However, low level viral rebound could be due to test variability or laboratory 

contamination, transient non-compliance, inter current infections, vaccinations or 

sub-optimal antiviral potency and rebound of wild type viruŝ ®®’®®̂®®®. In some 

instances, the next viral load measurement may again be below the level of detection 

without a treatment change. These low level viral rebounds followed by a measurement 

again below detectable levels - so-called "blips" - may be frequent, as blips have been 

reported in up to 40% of patients receiving zidovudine / lamivudine / indinavir 

therapy"̂ ^®.

Given the potential consequences of sub-optimal suppression of viral replication, it is of 

interest to assess the significance, prevalence, and predictive value of intermittent and 

sustained low level viral loads. In the following sections, these questions were explored 

using data of the UNIF cohort in conjunction with another large European cohort: the 

Swiss HIV Cohort Study (SHCS).

The results of this analysis may also help clinicians to define a threshold for virological 

failure. The current goal of suppressing and maintaining viral load below 50 copies/mL 

indeed relies on the assumption that experiencing a viral load between 51 and 500 

copies/mL increases the risk of subsequent confirmed failure above 500 copies/mL.
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However, if this is not confirmed by the data it may be conceivable to define a patient 

as a failure when viral load rebounds above a higher level (e.g. 500 or 1,000 

copies/m L).

6.4.1 Patients and methods

The UNIF database was used for this analysis and it was merged with the SHCS. The 

SHCS is a prospective cohort study with ongoing enrolment of HIV infected individuals 

aged 16 years or older. Patients are followed in one of seven outpatient clinics. 

Enrolment is independent of disease stage or degree of immune-suppression and 

information is collected according to standardised criteria at registration and at six- 

monthly follow up visits. Intermediate CD4 count and viral load results are included. 

The database used for the analysis included information recorded up to May 2001. The 

structure and the variables collected in the two databases were very similar. The 

analysis focused on all participants of UNIF or SHCS who had, while treated with 

HAART, at least two consecutive viral load values below 50 copies/mL within a 24 

week interval on samples taken between 1 ̂  January 1998 and 31®* December 1999.

Definitions

For the purpose of the analysis shown in this section, the following definitions apply.

- Viral suppression was defined as at least two consecutive viral load values below 50 

copies/mL.

- Viral rebound was defined as any viral rebound above 50 copies/mL.

- Low level viral rebound was defined as a viral rebound of 51 to 500 copies/mL.

In patients with low level viral rebound, the next viral load obtained within 24 weeks 

after the initial low level viral rebound was used to classify the virological event in two 

categories:

(i) Intermittent low level viral load or “blip”: next viral load s50 copies/mL

(ii) Sustained low level viral load: next viral load also between 51 and 500 

copies/m L

- At subsequent viral load determinations, virological failure was defined by a single 

HIV viral load value above 500 copies/mL.

- Optimally controlled subjects were defined as subjects having viral load values ^50 

copies/mL on HAART at all time points.

Two main endpoints have been considered; the binary endpoint “having a viral load 

s50 copies/mL after an initial viral rebound” and a time to virological failure endpoint.
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Statistica/ analysis

Characteristics of the patients were compared between cohorts using chi-squared and 

Mann-Whitney tests. The incidence of viral rebound was calculated as the number of 

events per 100 person-years and confidence intervals were calculated using the 

Poisson distribution.

A binary endpoint was defined according to the viral load value following the first low 

level viral rebound. If this value was ^50 copies/mL (i.e. a blip had occurred) patients 

were defined as successes, failures otherwise. Logistic regression was used for this 

analysis"̂ "̂̂ . A number of pre-specified potential confounders including age, gender, 

mode of HIV transmission, pre-treatment (use of mono- or dual prior to HAART), CD4 

count at the time of viral rebound, viral load at initiation of HAART, NNRTI- or Pl- 

containing regimen, treatment change and interruption of treatment between viral 

rebound and next viral load have been included in the model.

Time to virological failure was defined using an adaptation of one of the definitions 

described in chapter 2. Specifically, failure was defined at the time of the first single 

viral load above 500 copies/mL after the second consecutive viral load below 50 

copies/mL (time zero of the analysis). A proportional hazards regression model was 

used. The aim of the analysis was to assess the prognostic value of the most recent 

intermittent low level viral load or sustained low level viral load to predict virological 

failure. For clarity, a pattern of two consecutive viral loads will be indicated in this 

section as the two values (expressed in copies/mL) within brackets. The patterns of 

two consecutive viral loads using the cut-offs of 50 and 500 copies/mL that could 

possibly precede virological failure are the following: A (^50,^50), B (^50,51-500), C 

(51-500,^50), and D (51-500,51-500). Of these patterns, patients with pattern A were, 

by definition, optimally controlled patients, those with pattern C patients experiencing a 

blip, and those with pattern D as patients experiencing a sustained low level rebound. 

Pattern B was included as a factor in the Cox regression model but the relative hazard 

associated with this pattern was not shown as part of the results (estimates were 

similar to those obtained for pattern D). As a sensitivity analysis a model with time to 

confirmed virological failure was also fitted using the subset of patients for whom the 

failure-defining viral load was followed by another value >500 copies/mL. In all 

analyses, follow-up was censored at the time of the last available viral load. The 

variables included in the Cox model were the same as those used in the logistic 

regression plus the most recent CD4 count and the patterns A, 0  and D of the two 

most recent viral loads fitted as time dependent covariates (i.e. more than one blip or
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sustained viral rebound may have occurred in the same patient over time but, by 

definition, only the most recent one was taken into account).

6.4.2 Results

A total of 2,055 patients achieved HIV viral suppression, defined as two values below 

or equal to 50 copies/mL while treated with HAART. The median follow-up after the 

first viral load below 50 copies/mL was 17.7 months. HIV viral load values were 

available on average 11.6 times per subject (median 11 times) during the study period 

giving a median interval between measurements of around 8 weeks. Characteristics of 

the two cohorts are presented in Table 6.4.1.

Initial virai rebound

One thousand one-hundred, and seventy-five subjects (57.2%) maintained viral 

suppression (^50 RNA copies/mL) during the whole study period and 704 patients 

(34.3%) presented a low level viral rebound (51-500 copies/mL). The incidence of low 

level viral rebound was 33.5 (95 % 01: 31.1-36.1) per 100 person-years. Among the 

704 patients with low level viral rebound, approximately 50% (n=366) had values 

between 51 and 100 copies/mL and the other half (n=338) between 101 and 500 

copies/m L.

208



Table 6.4.1 Characteristics of subjects according to cohort (n=2,055)

UNiF SHCS p-vaiue

N=925 n=1,130

Gender n (%)

Male 775 (83.8) 823 (72.8) 0.001

Age

Median (IQR°) 38 (33-47) 38 (34-45) 0.19

Mode of HIV transmission n (%)

Intravenous drug use 110(11.9) 258 (22.8) 0.001

Homosexual contacts 558 (60.3) 484 (42.8)

Heterosexual contacts 194(21.0) 356(31.5)

Other 63 (6.8) 32 (2.8)

CD4 count at Initiation of HAART
Median (IQR°) 221 (92-349) 240 (99-388) 0.056

Viral load at initiation of HAART
Median (IQR°) 5.02 (4.18-5.73) 4.38 (3.65-4.98) 0.001

Pre-treated before HAART n (%) 464 (50.1) 531 (47.0) 0.15

CDC stage C n (%) 244 (26.4) 278 (24.6) 0.36

Number of viral load
determinations* 13(8-18) 9 (7-13) 0.001
Median (IQR°)

Weeks of foiiow-up*

Median (IQR°) 64.1 (32-94) 84 (57-113) 0.001

° IQR = interquartile range; * from first viral load < 50 copies/mL ; UNIF=Frankfurt Clinic Cohort, 

SHCS=Swiss HIV Cohort Study

Next viral load after viral rebound

A blip was observed among 490 of 704 (69.6%) subjects with a first low level viral 

rebound. Blips were more common following a 51-100 copies/mL rebound (278 

subjects, 76%) than after a 101-500 copies/mL episode (212 patients, 62.7%), 

(p<0.001. Figure 6.4.1).

209



Figure 6.4.1 Next viral load for 604 patients presenting with an initial low level viral 

rebound (51 to 100 copies/mL, and 101 to 500 copies/mL), and 251 patients 

presenting with an initial viral rebound >500 copies/mL.
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Further, only 14 subjects (3.8%) with a 51-100 copies/mL rebound evolved directly to a 

virological failure, as compared to 45 (13.3%) patients with a 101-500 copies/mL 

rebound (p<0.001). Change of therapy between viral rebound and next viral load 

occurred in only 78 (8.9%) of these episodes, and changing therapy did not alter the 

proportion of subjects returning to a viral load <50 copies/mL (59.0% in patients who 

did not modify therapy versus 64.2% in those who did, p=0.41 ).

Despite differences between the two cohorts in most demographic and laboratory 

parameters analysed (Table 6.4.1), a similar pattern of next viral load was observed. 

An intermittent low level viral load was observed in 129 (74.6%) and 149 (77.2%) and 

virological failure in 9 (5.2%) and 5 (2.6%) of subjects with a 51-100 copies/mL viral 

rebound, in the UNIF and SHCS respectively (p=0.19). Similarly, an intermittent low 

level viral load was observed in 116 (67.1%) and 96 (58.2%) and a virological failure in 

20 (11.6%) and 25 (15.2%) of subjects with a 101-500 copies/mL viral rebound, in 

UNIF and SHCS respectively (p=0.21).

A multivariable logistic regression was performed on 704 patients with low level viral 

rebound. The variables found to be significantly associated with an episode of viral 

rebound evolving into an intermittent low level viral load (as opposed to a a sustained 

low level rebound or virological failure) were the level of initial viral rebound (OR=0.85, 

0.75-0.98, per 0.5 logm copies/mL higher), the interruption of anti-retroviral therapy, 

and the use of antiretroviral treatment before HAART. As expected, patients who had 

interrupted anti-retroviral therapy between the initial viral rebound and the following
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viral determination (n=16 patients), were less likely to have the second viral load value 

back below 50 copies/mL (OR=0.12, 95% 01:0.02-0.6). Similarly, pre-treated subjects 

were less likely to evolve to an intermittent low level viral load (OR=0.60, 95% 01:0.38- 

0.94). Treatment change and type of treatment were not associated with the 

occurrence of an intermittent low level viral load.

Of 490 patients presenting with a blip, 152 experienced a second episode of low level 

viral rebound, which evolved to a blip in 105 (69.0%) of patients as compared to the 

observed 69.6% after the first low level viral rebound (chi-squared p=0.82). There were 

only 15 patients presenting with a third episode of intermittent low level viral load over 

the study period. It may be noted that this analysis did not assess the probability of 

experiencing a blip after two or more consecutive low level rebounds.

Prognostic value of Intermittent low level viral loads

The prognostic value of the most recent intermittent and sustained low level viral load 

occurring at any time after achieving two viral load ^50 copies/mL was assessed. After 

a median follow up of 17.7 months, 157 of 2,055 patients (7.6%) had experienced 

virological failure. Incidence of virological failure was 2.9 per 100 person-years (95% 

confidence interval, 2.3-3.7) for controlled subjects, 5.3 (2.4-9.7) for subjects who ever 

experienced an intermittent low level viral load (p=0.008), and 17.4 (9.3-28.4) for those 

who ever experienced a sustained low level viral load (p=0.0001). In Cox regression 

models, relative hazards of virological failure were 1.94 (95% 01: 1.40-2.69, p=0.0001) 

for intermittent low level viral load, and 5.37 (95% 01: 3.94-7.32, p=0.0001) for 

sustained low level viral load compared to subjects defined as having optimally 

controlled viral replication (Table 6.4.2). Use of the time-interval between viral load 

determinations as a cofactor or using treatment as a time-dependent variable did not 

modify the overall results of the model (data not shown).
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Table 6.4.2 Relative hazards of virological failure from fitting a Cox regression model

Covariate
Relative
Hazard

95% Cl p-value

Most recent viral load pattern^
Optimal control 1.00
Most recent blip 1.94 1.40-2.69 0.0001
Most recent sustained 5.38 3.94-7.32 0.0001
Time on foiiow-up^
(per additional month) 0.97 0.95-0.99 0.006
Therapy change^
No 1.00
Yes 3.98 3.24-4.88 0.0001
Age
(per 10 years older) 1.01 0.91-1.12 0.91
Gender
Female 1.00
Male 0.86 0.66-1.13 0.29
Mode of HiV transmission
IVDU 1.00
Heterosexual contacts 0.76 0.57-1.01 0.06
Homosexual contacts 0.73 0.55-0.96 0.02
Other 0.74 0.45-1.21 0.23
Most recent CD4 count^
(per 100 cells/pil higher) 1.01 0.97-1.04 0.76
Therapy with Pl-based HAART
No 1.00
Yes 1.05 0.83-1.34 0.67
Pre-treated when starting HAART
No 1.00
Yes 1.16 0.95-1.41 0.14
AIDS diagnosis
No 1.00
Yes 0.81 0.64-1.02 0.07

(*When fitting this covariate time zero was an arbitrary calendar time prior to the date of the second

viral load ^50 copies/mL

^Fitted as a time dependent covariate
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6.4.3 Interpretation

The analysis of prospective data on 2,055 individuals having achieved viral 

suppression below 50 RNA copies/mL in the UNIF and the SHCS identified a high 

incidence of low level viral rebound (33.5 per 100 person/years).

The magnitude and persistence of the viral rebound predicted short- and long- term 

virological outcome. In particular, compared to optimally controlled patients, a 

sustained low level viral loads was associated with a larger increased risk of virological 

failure than that associated with a blip. Since the time-dependent covariate for a blip 

and a sustained low level rebound was constructed merely using the two most recent 

viral load values it is difficult to infer from these data how long after the initial rebound a 

patient would be at increased risk of virological failure. However, since the overall 

average lag-time between two viral load measurements in the two cohorts is about 

eight weeks, it is probably reasonable to say that patients may be at increased risk of 

virological failure over the following eight weeks.

These data may shed light on a number of clinical issues such as decisions regarding 

the most appropriate delay for re-assessment of HIV viral load, assessment of 

treatment adherence, and monitoring of plasma drug levels and viral resistance. To 

address the issue of whether a change in therapy or treatment intensification after a 

low level viral rebound leads to better prognosis a randomised clinical trial is 

warranted.

The present study indicates that an episode of viral rebound in the range of 51-100 

copies/mL will likely resolve without a change in therapy (76% of the next viral load 

measures will again be below or equal to 50 copies/mL). Rapid re-assessment of the 

next viral load following a viral rebound is crucial to confirm the occurrence of an 

intermittent low level viral load, as compared to a sustained low level viral load. 

Sustained low level viral load or progression to higher viral load values carry an 

increased risk of treatment failure as compared to patients returning to optimal control 

of viraemia.

The results are consistent with the observation of some biological aspects of HIV 

infection. Eradication of HIV with currently available HAART regimens is not feasible 

due to the existence of a reservoir of latently infected cellŝ ®̂ ’̂ ^̂ ’® ’̂®®̂. HIV transcription 

may persist in peripheral blood mononuclear cells (PBMC) of subjects with a viral load 

of less than 50 copies/mL̂ ®°®®®. Transient viral load elevation can be observed after 

non-specific T cell activation by antigenic stimuli such as influenza vaccine (reviewed 

in®®̂) and tetanus toxoid®®®. While ongoing replication can be associated with genetic 

evolution, and possibly with the selection of drug resistance mutations^"^’̂ ®̂’®®°’®®®’®®°
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viral escape in the presence of antiretroviral pressure may also result in the 

phenomenon of "wild type" viral rebound̂ ®®’®̂ . In this study, blips and, to a limited 

extent, sustained low level viral load, could represent an extreme example of residual 

viral replication in the presence of antiretroviral pressure.

Immune factors may also contribute to limiting viral replication, thus playing a role in 

the genesis of blips. Increasing attention has been given to strategies enhancing HIV- 

specific cytotoxic T lymphocyte (CTL) responses by treatment-controlled cycles of viral 

suppression and replication - intermittent treatment trials®®̂'®®®. CTL responses could 

explain why some patients presenting with a low level viral rebound will regain control 

of viral replication without changing therapy. Thus, blips may represent the "natural 

counterpart" of intermittent treatment trials. However, a recent study has shown no 

evidence that blips are associated with a boost in CTL activity®®̂ .

However, in understanding the nature of intermittent low level viral loads, clinicians 

should be aware of the variability of the ultra-sensitive amplification methods. Inter

assay and intra-assay coefficient variability of up to 35.4% and 40%, respectively, have 

been reported for this assay®®®. In addition, the high sensitivity of ultra-sensitive 

modified methods increases the risk of PCR contamination, and the sensitivity to the 

presence of plasma amplification inhibitors®®®. This may partly explain why, the risk of 

virological failure associated with a sustained viral rebound was larger than that 

associated with a blip, compared to optimally suppressed viral load. Further, a return to 

viral load below 50 copies/mL without a change in therapy may occur as a 

consequence of a resolved episode of concurrent infection or because of increased 

adherence.

The main limitation of this study is the short follow-up of 17.1 months (due to the 

relatively recent introduction of routine ultra-sensitive testing) and the observational 

nature of cohort studies^® .̂ However, the results were similar in the different data sets 

of the UNIF and SHCS and the prevalence of blips was comparable to that found in a 

recent analysis of a prospective randomised clinical trial̂ ^®. The choice of a limit of 

detection of 50 viral RNA copies/mL employed in this study can also be challenged. 

This limit was chosen to allow standardisation of results between cohorts and among 

various laboratories. Use of a lower limit of detection, i.e., <5 or <20 viral RNA 

copies/mL might have allowed more insight into the various issues discussed above®®̂ . 

In this study, a benefit of treatment change at the time of low level viral rebound could 

not be demonstrated, and there was no association between type of HAART regimen 

(NNRTI or PI) and the likelihood of a blip. After the occurrence of a blip, adherence 

assessment, possibly including drug level monitoring, should be performed, and in
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view of the poor prognosis of episodes of blips and sustained low level viral load and of 

presumed failure, resistance testing may help therapeutic decisions.

Future analysis should aim to identify the determinants of the diverse evolution after a 

viral rebound. This includes a detailed analysis of immune determinants of control of 

residual viral replication, assessment of the role of resistance mutations by 

development of better technology for genotypic or phenotypic analysis of resistance in 

samples with low level viral content^®\ and determination of drug penetration in various 

compartments. These studies should provide insights into the observed differences in 

durability of optimal suppression in patients receiving HAART.

6.5 Use of observational data to compare the effectiveness of two drugs: 
nevirapine and efavirenz in i.Co.N.A
As mentioned earlier in this chapter, this section is dedicated to the complex issue of 

how to interpret drug regimen comparisons performed using non-randomised studies. 

Ideally, response to antiretroviral drug regimens should not be compared using 

observational studies. Randomisation should ensure that there are no systematic 

differences at baseline between the two groups apart from the treatment received. So 

that, if there is a different response in the two groups this difference can certainly be 

attributed to the treatment. In contrast, in observational settings it is likely that 

systematic differences (confounding) between patients receiving different treatment 

regimens exist. The commonly used way of controlling for confounding is to use 

multivariable statistical methods and adjust for these factors. These methods can 

provide an estimate of the difference attributable to treatment having controlled for a 

number of other factors. Although multivariable adjustment is potent, it has one major 

limitation. Whilst randomisation controls for all potential confounders no matter if they 

have been measured, multivariable analyses cannot adjust for a factor unless it has 

been measured. Therefore, without randomisation, comparisons may be biased by 

residual confounding. However, there may be situations in which analyses of non

randomised studies may be usefuP®̂  ®®®’®®®. For example, if the individuals receiving the 

drug regimens of interest are very comparable. Indeed, there is evidence that the 

chance that multivariable analyses of non-randomised studies would produce biased 

results is directly dependent on the initial imbalance in known confounders between 

the groups^® .̂ Also, it is important to perform such analyses when results from clinical 

trials regarding a particular comparison, which is relevant for patients and clinicians, is 

not available. It is worth noting that, often, when a result is reproducible across a 

variety of different studies, then it is reasonable to wonder whether that result can be 

simply explained by the bias introduced by non-randomisation^ To repeat on
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different databases comparisons that are controversial, possibly using standardised 

statistical methods is an important step in the investigation of the presence of such a 

bias. However, it is important to bear in mind that the same bias may be present in 

different observational studies. For example, it is conceivable that in the reality of 

clinical practice a certain drug is given to patients who have certain characteristics (for 

example they are thought to be more adherent) and this may happen consistently 

across many clinics.

In this section the outcome of triple drug regimens containing either nevirapine or 

efavirenz in combination with two NRTIs is compared using data of an observational 

study. This is an example of a comparison for which no results from clinical trials are 

available as yet and which has been already the focus of the analysis of three other 

non-randomised cohort studies^° '̂^^°.

Nevirapine and efavirenz are the only two NNRTI licensed in Europe and they were 

approved by the FDA in 1996 and 1998, respectively. Guidelines in the UK and USA 

recommend the use of these drugs both in naïve and pre-treated patients and they are 

now as widely used in clinical practice as Pl-containing HAART regimenŝ ®®’ ®̂®. Indeed, 

they are often preferred to Pl-containing regimens as they are thought to be potent 

against viral replication^°®'^®'^®’®̂°’® \̂ easier to take, and more easily tolerated'^^ '^ .̂ 

Three clinical trials have shown that these drugs in combination with two NRTI are 

virologically equivalent or superior to similar combinations containing a PI in 

antiretroviral-naïve p a t i e n t s ^ A  remarkable proportion of patients enrolled in the 

study by Podzamczer and colleagues (COMBINE trial) were however lost to virological 

follow-up®^®. As far as the specific comparison between nevirapine and efavirenz is 

concerned, to my knowledge, besides the aforementioned clinical trials whose results 

have presented only at meetings and the three observational studies, there are two 

other larger clinical trials that are still ongoing (FIRST and 2NN). In FIRST the head to 

head comparison between the two drugs is not, however, the main comparison of the 

study.

6.5.1 Patients

This analysis was carried out using patients enrolled in I.Co.N.A. Details of the study 

design and data collection have been reported in chapter 2. The analysis focussed on 

665 patients who started exactly 2 NRTI and either nevirapine or efavirenz, who were 

NNRTI-naïve at the time of starting this therapy, and for whom viral load and CD4 

count were available during the 24 weeks prior to treatment initiation.
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Statistical analysis
In this section a time to event approach (described in chapter 2) was used to compare 

the probability of therapy discontinuation and of virological failure in patients receiving 

nevirapine or efavirenz. The time to discontinuation was calculated as the time from 

starting the NNRTI to the time that it was stopped for the first time, or to the last clinical 

follow-up, whichever occurred first. Time to discontinuation of these drugs was 

estimated and compared using Kaplan-Maier analysis and the log-rank test.

Time to virological failure was also defined using one of the definitions of global 

virological failure described in section 2.4. In detail, the event-defining censoring 

strategy depended on whether the viral load at the time of starting therapy was below 

or above 500 copies/mL. If the viral load was below 500 copies failure was defined at 

the time of the first of two consecutive viral loads above 500 copies/mL (time of first 

loss of viral suppression). If, instead, viral load was above 500 copies/mL at the time of 

starting therapy, failure was defined at the time of the first of two consecutive viral 

loads above 500 copies/mL after at least 24 weeks of therapy (viral rebound or failure 

to suppress by 24 weeks). Follow-up of patients who did not reach the endpoint was 

censored at the time of their last viral load (see section 2.4, page 68).

This endpoint was deliberately chosen in order to try to repeat the analysis already 

performed on the EuroSIDA study using a standardised def in i t ion^The only 

difference between the two analyses was that patients' follow-up was right-censored at 

the date of last available viral load rather than at the date of penultimate viral load.

All the main time to event analyses were performed using the ITC strategy. As 

discussed in chapters 2 and 4, this method of analysis is particularly appropriate when 

the aim of the analysis is to compare the drug regimens as strategies. In this case, it is 

not only the short-term response to the initial regimens that is of interest but also the 

longer-term outcome determined by the subsequent therapy history induced by these 

drugs. However, other definitions of virological endpoint were also used (see below). 

The incidence of virological failure was calculated as the number of events per person- 

year of follow-up and confidence intervals were calculated using the normal 

approximation. For patients with an initial viral load below 500 copies/mL, person-years 

were calculated from the date of starting HAART to the date of failure (or the date of 

last available viral load). For patients whose initial viral load was above 500 copies/mL, 

person years were calculated starting from six months after the date of therapy 

initiation and up to the date of failure (or the date of last available viral load). Patients in 

this group whose last viral load was measured before month 6 were not considered at 

risk of failure for this analysis.
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The multivariable Cox proportional hazards regression model was used to compare the 

time to virological failure in patients receiving nevirapine- or efavirenz- containing 

HAART. The choice of the factors included in the multivariable analysis was made a 

priori by considering the factors with a largely imbalanced distribution between the two 

groups plus all potential confounders (i.e. factors that are known to be associated with 

virological response to HAART). The model was stratified by calendar time of initiation 

of therapy categorised in six-monthly periods. The rationale for this strategy was to try 

to adjust for the fact that the baseline cumulative hazard may not be the same in 

different time periods. Thus, for example, it is conceivable that the baseline cumulative 

rate of virological rebound may be lower in more recent years than in earlier time 

periods because of the improved clinical skills and the availability of more efficacious / 

less toxic drugs. However, the baseline rate of rebound may also differ by clinical 

centre, as clinicians’ experience may vary, for example, in small centres compared to 

big centres. Therefore, in a sensitivity analysis, infectious disease ward was also used 

as stratifying factor in the Cox regression analysis. Note that, in contrast, the aim for 

the inclusion of calendar year or infectious disease ward as a covariate in the model is 

to adjust for potential confounding, due, for example, to a different proportion of 

patients using one drug or the other.

GD4 count response was compared by fitting a mixed linear model with fixed effects for 

nevirapine and efavirenz, time since initiation of therapy, and the interaction between 

these two factors. This kind of approach has been described when defining virological 

endpoints but it can obviously be easily extended to CD4 count data (as already 

described in section 3.2.2). From fitting this model, both the mean CD4 count level pre

therapy and the slope of change over follow-up in the nevirapine and efavirenz group 

could be compared using the Fisher F test. In addition, crude mean CD4 count at 

different time points have been calculated using patients with a measure of CD4 count 

in a three-monthly time window centred on the specific time point (week 0, week 12, 

etc up to week 60).

Both in the Cox regression and in the mixed linear model, there was no evidence that 

the comparison between nevirapine and efavirenz was different in naïve and pre

treated patients (non significant p-value for interaction). Furthermore, there was no 

evidence of different relative risks of virological failure in pre-treated patients who 

started HAART with NNRTI with a baseline viral load above or below 500 copies/mL 

(non significant p-value for interaction, see Results). Consequently, all results 

regarding the comparison between nevirapine and efavirenz are presented for the 

whole study population rather than separately for antiretroviral-naive and pre-treated 

patients.
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However, other factors independently associated with virological failure in pre-treated 

patients were presented separately.

Given the importance of ruling out any possible bias or residual confounding, several 

sensitivity analyses were conducted. In the Cox regression analysis, therapeutic failure 

was also defined as virological failure (as defined above) or discontinuation of 

nevirapine or efavirenz, whichever occurred first -  a discontinuation equais faiiure 

anaiysis (DEF strategy in Table 4.3.1). Alternatively, the follow-up of patients who 

discontinued nevirapine or efavirenz was right-censored at the time of drug stop -  

discontinuation equais censored (OT strategy in Table 4.3.1).

6.5.2 Results

Of the 655 patients included in the analysis, 442 (171 naïve and 271 pre-treated) 

started 2 NRTI and nevirapine and 223 (98 naïve and 125 pre-treated) started 2 NRTI 

and efavirenz. Thus, in total, the analysis was conducted on 269 (=171+98) 

antiretroviral-naive and 396 (=271+125) pre-treated patients. Tables 6.5.1 and 6.5.2 

show the characteristics of naïve and pre-treated patients at the time of starting 

therapy according to whether they received nevirapine or efavirenz.

Two major imbalances were clearly noticeable, both in naive and pre-treated patients. 

Firstly, among the naive patients, those who received efavirenz were generally at a 

more advanced stage of HIV disease with lower CD4 counts, higher viral loads and a 

larger percentage being previously diagnosed with AIDS (Table 6.5.1). The difference 

in the proportion of patients with previous AIDS diagnosis was also observed among 

the pre-treated patients, although there were no significant differences between the 

levels of the two markers (even if viral load tended to be lower in patients receiving 

efavirenz. Table 6.5.2). Secondly, consistent with the time of introduction of these 

drugs into routine clinical practice in Italy, more patients received efavirenz in more 

recent years. In patients starting a NNRTI for the first time when they were 

antiretroviral-naive, zidovudine was more frequently used with nevirapine and 

stavudine with efavirenz (Table 6.5.1). Again, this is likely to be a result of a change in 

patient management in more recent years. Among pre-treated patients, those who 

received efavirenz appeared to have previously experienced a larger number of drugs 

(mean number of previous NRTI: 2.3 for nevirapine vs. 2.4 for efavirenz and mean 

number of previous PI: 0.8 vs. 1.2).
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Table 6.5.1 Characteristics of antiretroviral-naïve patients at the time of starting
therapy according to whether they received nevirapine or efavirenz

Characteristic
Nevirapine
(n=171)

Efavirenz
(n=98) p-vaiue

Gender 0.02(')
Females 61 (35.7) 22 (22.5)

0.55<')Mode of HiV transmission
IDU 13 (7.6) 4(4.1)
Ex-IDU 51 (29.8) 26 (26.5)
Homosexual 30 (17.5) 24 (24.5)
Heterosexual 67 (39.2) 39 (39.8)
Other 10 (5.9) 5 (5.1)

0.001Previous AiDS 5 (2.9) 20 (20.4)
Year of therapy initiation 0.001

1997 1 (0.6) 0 (0.0)
1998 72 (42.1) 1 (1.0)
1999 61 (35.7) 21 (21.4)
2000 36 (21.1) 74 (75.5)
2001 1 (0.6) 1 (0.6)

0.52( )̂HOV+ve (n=240) 67 (44.1) 25 (39.8)
Age (years) 0.25̂ )̂

(median, range) 34 (18-65) 35 (20-70)
0.0001CD4 (ceiis/pi)

(median, range) 410 (28-1,258) 295 (19-1,368)
0.004^ )̂Virai ioad (iogio copies/mL)

(median, range) 4.52 (3.08-6.08) 4.70 (3.20-6.36)
NRTI started

0.002( )̂Zidovudine 130 (76.1) 57 (58.2)
Stavudine 40 (23.4) 37 (37.8) 0.01
Lamivudine 126 (73.7) 81 (82.7) 0.09( )̂
Didanosine 42 (24.6) 21 (21.4) 0.56( )̂
Zalcitabine 4 (2.3) 0 (0.0) 0.13( )̂

' 'Chi-squared test 
(^Wilcoxon two-sample test

The duration of antiretroviral treatment was also longer in patients who received 

efavirenz than in those who received nevirapine as switches to efavirenz may be more 

common in recent times when therapies are not modified as quickly as they were in the 

past (Table 6.5.2).
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Figure 6.5.1 -Kaplan-Meier estimates of the time to drug discontinuation according to the NNRTI received
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Table 6.5.2 Characteristics of pre-treated patients at the time of starting therapy
according to whether they received nevirapine or efavirenz

Nevirapine Efavirenz
Characteristic (n=271) (n=125) p-vaiue
Gender
Females 85(31.4) 38 (30.4) 0.85
Mode of
HiV transmission 0 . 8 6

IDU 27 (10.0) 9 (7.2)
Ex-IDU 77 (28.4) 38 (30.4)
Homosexual 57 (21.0) 29 (23.2)
Heterosexual 92 (34.0) 40 (32.0)
Other 18 (6 .6 ) 9 (7.2)
Previous AiDS 29 (10.7) 26 (2 0 .8 ) 0.007
Year of therapy initiation 0 . 0 0 1

1998 71 (26.2) 3 (2.4)
1999 133(49.1) 37 (29.6)
2 0 0 0 67 (24.7) 84 (67.2)
2 0 0 1 0  (0 .0 ) 1 (0 .8 )
HOV+ve (n=352) 111 (47.2) 54 (46.2) 0.85
VL< 500 copies /mL 101 (37.3) 61 (48.8) 0.03
Age (years) 0.96
(median, range) 34 (19-64) 34 (22-57)
CD4 count 0.31
(median, range) 488 (13-1,210) 420 (3-1,414)
Virai ioad 0.06
(median, range) 3.52 (1.30-6.37) 2.76 (1.70-5.79)
Months on ART 0 . 0 0 0 1

(median, range) 16 (1-43) 26 (1-43)
NRTi started
Zidovudine 155 (57.2) 63 (50.4) 0 .2 1

Stavudine 115(42.4) 59 (47.2) 0.38
Lamivudine 212 (78.2) 102(81.6) 0.44
Didanosine 51 (18.8) 19(15.2) 0.38
Zalcitabine 7 (2.6) 3 (2.4) 0.91
Abacavir 4(1.5) 6  (4.8) 0.05
No. of previous NRTi 0.07
0 3(1.1) 0  (0 .0 )
1 - 2 211 (77.9) 87 (69.6)
3-5 57 (21.0) 38 (30.4)
No. of previous Pi 0 . 0 0 1

0 94 (34.7) 19(15.2)
1 - 2 168 (62.0) 96 (76.8)
3-4 9 (3.3) 1 0  (8 .0 )
No. of other new drugs
NNRTI only 150 (55.4) 71 (56.8) 0.78
1 67 (24.7) 27 (21.6)
2-3 54 (19.9) 27 (21.6)
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Frequency of drugs interruption and reason for stopping
Nevirapine was interrupted in 33% of the patients who received it, while efavirenz was 

discontinued only in 15% (p=0.001, Table 6.5.3) over a median clinical follow-up of 52 

weeks (IQR: 32-82).

Table 6.5.3 Reasons for discontinuing nevirapine or efavirenz over the follow-up (all

Nevirapine
(n=442)

Efavirenz
(n=223) p-vaiue

N (% of total) N (% of total)

On treatment 298 (67.4) 190 (85.2) 0 . 0 0 1

Reason for stopping
Therapy failure 21 (4.7) 2 (0.9)

Clinical 1 (0 .2 ) 2 (0.9)
Virological 17 (3.9) -

Immunological 1 (0 .2 ) -

Resistance 2 (0.4) -

Clinical toxicity 74 (16.7) 19(8.5)

Gastrointestinal 11 (2.5) 1 (0.5)
Hypersensitivity 53 (12.0) 4(1.8)
CNS-disorders 1 (0 .2 ) 10 (4.5)
General side-effects^^ 7(1.6) 4(1.8)
Other 2 (0.4) -

Laboratory toxicity 13 (2.9) 4(1.8)

Blood abnormality 2 (0.4) 1 (0.5)
Liver function test 6(1.4) 1 (0.5)
Other 5 (0.9) 2 (0.9)
Patient related 36(8.1) 8  (3.6)

Poor adherence 6(1.4) 7(3.1)
Patient’s decision 28 (6.3) 1 (0.5)
Therapy simplification 2 (0.5) -

The frequency of discontinuation was higher in patients receiving nevirapine 

irrespective of the reason for stopping (Table 6.5.3). Furthermore, the difference in the 

rate of discontinuation was largely observed in the first 12-16 weeks, possibly due to 

interruptions due to hypersensitivity reactions to nevirapine (Figure 6.5.1). However the 

proportionality assumption was not violated (global test p=0.28, specific nevirapine- 

efavirenz covariate p=0.19, see Appendix III for methods of assessment). Overall, 

there was evidence that the probability of discontinuation, estimated with the Kaplan- 

Meier method, was higher in patients receiving nevirapine than in those receiving 

efavirenz (log-rank p=0.001. Figure 6.5.1). It may be noted that the population of pre-
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treated patients constituted a group of patients who switched to an NNRTI with a viral 

load above 500 copies/mL (n=234 switches due to failure) and a group of patients 

whose viral load was stable below 500 copies/mL at the time of switch (n=162 switches 

due to intolerance, toxicity, or therapy simplification. Table 6.5.2).

Virological response
The virological response to nevirapine or efavirenz along with two NRTI was 

considered in three different groups of patients: antiretroviral-naive patients, pre

treated patients with viral loads below 500 copies/mL at the time of starting the NNRTI 

and pre-treated patients with viral loads above 500 copies at the time of starting the 

NNRTI. However, there was no evidence that the comparison between nevirapine and 

efavirenz was different in naïve or pre-treated patients (p-value for interaction=0.38) 

and, among pre-treated patients, between those with a viral load below or above 500 

copies/mL at baseline (p=0.59). Consequently, the factors associated with virological 

response to NNRTI-containing HAART in the whole study population were evaluated. 

Previous AIDS and pre-therapy CD4 count were included as covariates to control for 

state of HIV disease, and the model was stratified by calendar year (in six-monthly 

periods). The estimates were also adjusted for the differential use of zidovudine. 

Results are shown in Table 6.5.4. Over a median virological follow-up of 47 weeks 

(range: 2-140), 124 patients (18.6%) experienced virological failure according to the 

chosen definition (confirmed viral load above 500 copies/mL). Total virological follow- 

up (see methods) was 373 person-years so the incidence rate of virological failure in 

the whole population was 124/373 person-years (i.e. 0.33 failures per person-year, 

95% 01: 0.28-0.40). In pre-treated patients this rate was 87 events over 231 person- 

years (i.e. 0.38 failures per person-year, 95% 01: 0.30-0.46). Strong predictors of 

virological failure were having received antiretroviral therapy prior to starting the NNRTI 

and having a high viral load at the time of starting the NNRTI (Tables 6.5.4, 6.5.5). 

Overall, there was a more than two-fold increase in risk of virological failure in patients 

who received nevirapine compared to those who received efavirenz (p=0.01. Table 

6.5.4). In the separate analysis including only the pre-treated patients, other significant 

predictors of virological failure were identified. These are shown in Table 6.5 5. In 

addition to the factors identified for the whole study population, the number of NRTI 

previously received and longer duration of antiretroviral treatment were significantly 

associated with an increased risk of virological failure (Table 6.5.5). Also, patients who 

had a history of viral load suppression below 500 copies/mL and a higher CD4 count 

before starting therapy with NNRTI tended to have a lower risk of virological failure 

(Table 6.5 5).
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Table 6.5.4 Relative hazards of virological failure from fitting a proportional

Crude RH (95% Cl) Adjusted RH (95% Cl)
Covariate p-value p-vaiue
Mode of
HIV transmission
Heterosexual contact 1 . 0 0 1 . 0 0

Active IDU 1.28 (0.69-2.38) 1.01 (0.54-1.90)
p=0.44 p=0.97

Previous AIDS 0.94 (0.49-1.79) 0.94(0.47-1.88)
p=0.84 p=0.87

Baseline CD4 count
(per 1 0 0  cells/nl higher) 1.00 (0.93-1.07) 1.03 (0.96-1.11)

p=0.95 p=0.36
Baseline viral load
(per logio copies higher) 1.20 (1.02-1.40) 1.45 (1.21-1.74)

p=0.03 p=0 . 0 0 0 1

ART-naive 0.53 (0.36-0.77) 0.38 (0.25-0.58)
p=0 . 0 0 1 p=0 . 0 0 0 1

NRTI started
Zidovudine-sparing 1 . 0 0 1 . 0 0

Zidovudine 0.91 (0.64-1.30) 0.91 (0.63-1.32)
p=0.61 p=0.62

NNRTI started
Efavirenz 1 . 0 0 1 . 0 0

Nevirapine 2.97 (1.59-5.53) 2.46 (1.24-4.85)
p=0.0006 p=0 . 0 1

Factors known to be associated with virological failure or with a largely imbalanced 
distribution between patients receiving nevirapine or efavirenz were included

Sensitivity anaiyses
As the use of nevirapine and efavirenz was imbalanced in the different infectious 

disease wards recruiting patients in I.Co.N.A., a proportional hazard model stratified by 

clinical centre (with calendar year this time included as an additional covariate) was 

also performed. The adjusted relative hazard of virological failure for patients receiving 

nevirapine (vs. those receiving efavirenz) after this stratification was 1.98 (95% Cl:

0.93-4.20, p=0.08).

When all nevirapine and efavirenz interruptions (irrespective of the reason for stopping) 

were defined as therapy failures, the adjusted relative hazard of failing was 1.71 (95% 

01: 1.14-2.55, p=0.009). After stratifying for clinical centre in this same model the 

adjusted relative hazard was 1.79 (95% 01: 1.14-2.80, p=0.01).
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Table 6.5.5 Relative hazards of virological failure from fitting a proportional hazards
model (pre-treated patients)

Crude RH (95% Cl) Adjusted RH (95% Cl)
Covariate p-value p-value
Mode of
HIV transmission
Heterosexual contact 1 . 0 0 1 . 0 0

Active IDU 1.27 (0.62-2.62) 0.84(0.39-1.78)
p=0.51 p=0.64

Previous AIDS 0.96 (0.48-1.92) 0.88 (0.42-1.86)
p=0.91 p=0.74

CD4 count
(per 1 0 0  cells/pil higher) 1.01 (0.93-1.09) 1.09 (0.99-1.18)

p=0.90 p=0.07
Viral load
(per logio copies higher) 1.42 (1.19-1.69) 1.45 (1.17-1.81)

p=0 . 0 0 0 1 p=0.0008
Previous VL< 500 0.53 (0.35-0.81) 0.59 (0.34-1.03)

p=0.003 p=0.06
Duration of ART 1.00 (0.98-1.03) 1.04 (1.00-1.08)
(per one month longer) p=0.81 p=0.04
No. of previous NRTI
(per one additional) 1.41 (1.06-1.89) 1.58 (1.12-2.22)

p=0 . 0 2 p=0.009
No. of previous PI
(per one additional) 0.73 (0.54-0.98) 0.86 (0.65-1.14)

p=0.04 p=0.29
NNRTI started
Efavirenz 1 . 0 0 1 . 0 0

Nevirapine 2.50 (1.25-4.98) 2.28 (1.03-5.02)
p=0 .0 1 p=0.04

Finally, when patients’ follow-up time was censored at the date of nevirapine or 

efavirenz discontinuation, the adjusted relative hazards of virological failure were 2.37 

(95% Cl: 1.23-4.56, p=0.01) in the main analysis and 1.95 (95% 01: 0.94-4.03, p=0.07) 

after the stratification by clinical centre.

CD4 count response
The mixed linear model was used to test whether there was a difference in the mean 

CD4 count level at initiation of therapy with NNRTI (difference in intercepts) and a 

difference in the rate of CD4 increase over the follow-up (difference in slopes) as 

shown in Figure 6.5.2. As already shown in Table 6.5.1 and 6.5.2, patients receiving 

efavirenz had a lower CD4 count at the time of therapy initiation (35 cells/p.1 lower, 

p=0.09, from the model estimation).
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However, there was a tendency for patients receiving efavirenz to have a faster 

increase of CD4 count (7 cells/pil more than the nevirapine group every three months 

of therapy, p=0.09. Figure 6.5.2). Again, these results hold both in the population of 

naïve patients (where the estimated difference in CD4 increase was 10 cells/pi per 

three months, p=0.16), and in pre-treated patients (7 cells/^l per three months,

p=0 .2 1 ).

6.5.3 Interpretation

This analysis describes the use of nevirapine and efavirenz in combination with two 

NRTI in patients enrolled in I.Co.N.A. These drugs have been used both in first line 

HAART regimens and in pre-treated patients. Typically, while pre-treated patients had 

experienced drugs belonging to both classes (NRTI and PI), patients receiving 

efavirenz had previously received a slightly larger number of drugs. Also efavirenz was 

given to patients with, on average, more advanced HIV disease and the use of this 

drug has increased in recent years.

The incidence of confirmed virological failure above 500 copies/mL was fairly high 

overall (0.33 per person-year) and was slightly higher in pre-treated patients (0.38 per 

person-year) than in antiretroviral-naive patients. However, these rates are somehow 

lower than those experienced by patients enrolled in the EuroSIDA cohort (around 0.48 

per person-years) The most likely explanation for this finding is that patients of

I.Co.N.A. were much less drug experienced at the time of starting an NNRTI compared 

to EuroSIDA patients. Indeed, all patients in I.Co.N.A. were antiretroviral-naive at the 

time of enrolment (between 1997 and 1999) and most received HAART as their first 

regimen. Further, the frequency of viral load measurements is similar in the two 

cohorts and should not be the cause of the difference in rates of virological failure.
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Figure 6.5.2 Mean CD4 count increase according to the NNRTI started. Solid lines are estimated increase from fitting a 
mixed linear model, dotted lines are three-monthly observed mean values

Mean CD4 count (cells//jl) NNRTI

650

600 nevirapine
efavirenz

550 Difference in slope: 7 cells//// per 12 weeks, p -0 09

500
Difference in intercept. 35 cells////, p=0.09

450

400
12 24 36 48

Weeks from starting HAART with NNRTI

60



The frequency of discontinuation of nevirapine and efavirenz when received along with 

two NRTI was also compared. Nevirapine was discontinued with a higher frequency 

than efavirenz, irrespective of the reason for stopping, and this difference was more 

extreme in the first 12-16 weeks of therapy. Most nevirapine discontinuations were due 

to hypersensitivity to the drug while a high percentage of patients interrupted efavirenz 

because of neurological symptoms. Patients who received nevirapine also seemed to 

have a worse virological response than those receiving efavirenz. The probability of 

having two consecutive viral load values above the threshold of 500 copies/mL was 2.5 

times higher in patients receiving nevirapine compared to those receiving efavirenz. 

This was the case in both antiretroviral-naive and pre-treated patients in the cohort, 

and, among pre-treated patients, in those who had a viral load above 500 copies/mL at 

the time of starting therapy with NNRTI or stable viral loads below 500 copies/mL. 

However, the possibility that patients who were given efavirenz were those who were 

thought by doctors to be less prone to neurological side-effects cannot be ruled out by 

this analysis. Since it has been shown that patients prone to neurological problems are 

also those who show a poorer level of a d h e r e n c e ^ f a i l i n g  to control for 

adherence may have introduced bias. However, as mentioned above, the results held 

true in the population of patients with stable viral loads below 500 copies/mL and the 

frequency of drug interruption because of therapy failure was almost five times higher 

for nevirapine. It may be noted that in another prospective, multi-centre, non

randomised study of patients who switched from PI- to NNRTI-containing regimens 

when their viral load had been below 200 copies/mL over the previous 12 months, 93% 

(as treated, 78% ITT) of patients receiving efavirenz and 87% (75% ITT) of those 

receiving nevirapine maintained a viral load below 50 copies/mL by week 24® .̂

Possibly as a consequence of the inferior virological outcome in those who started the 

nevirapine-containing regimen, the CD4 count by 60 weeks of therapy in patients 

receiving efavirenz was similar to that of patients receiving nevirapine, despite the fact 

that patients on efavirenz started, on average, with lower CD4 counts. In other words, 

these data suggest that patients receiving efavirenz recovered, on average, more CD4 

cells over follow-up (approximately 7 cells/pil more every three months) than those 

receiving nevirapine. In the study by Matthews and colleagues, patients receiving 

efavirenz-containing HAART regimens were significantly more likely to achieve and 

undetectable viral load than those starting a Pl-containing HAART regimen (RH=0.74 

for PI vs. efavirenz, 95% 01:0.58-0.94, p=0.01) or nevirapine (RH=0.77 for nevirapine 

vs. efavirenz, 95% 01:0.61-0.96, p=0.02)^°®. The study by Kaiser and colleagues 

showed that, compared to antiretroviral-naive patients starting nevirapine-containing
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HAART regimens, those starting efavirenz-containing regimens had higher rate of 

virological failure (59.4% vs. 37.1%, p=0.001), shorter time to virological failure (307 

days vs. 589 days, p=0.001), showed lower viral load reductions at one year (-0.51 vs 

1.32 logio copies/mL, p=0.001), and lower proportion of patients with a viral load^400 

copies/mL (45% VS. 51%, P=0.001)'“ '.

The most important limitation of drug regimen comparisons performed using 

observational studies is undoubtedly the lack of randomisation. However, the fact 

similar results were found in other analyses increase the confidence that the difference 

in efficacy between these two regimens may be real. Indeed this is, to my knowledge, 

the fourth cohort study that has shown a better virological response in patients treated 

with efavirenz compared to those receiving nevirapine when used as part of HAART 

regimens. In the past, when performing other comparisons for which results from 

randomised trials were not available, results from a variety of different cohort studies 

consistently disfavoured the hard-gel formulation of the protease inhibitor saquinavir 

compared to other drugs of the same clasŝ ^®'̂ ®̂ ’"̂®®. It was already known at the time 

that the bio-availability of this drug was markedly inferior to that of the other protease 

inhibitors and a new formulation was introduced to the m a r k e t ^ A l t h o u g h  

findings for one drug may not be true for another drug, consistency of results across 

studies is a recognised way to accumulate evidence. Indeed, this argument is included 

in one of the Sir Austin Bradford-Hill proposed criteria to establish causation®̂ ®®̂ ®. 

Also, bias due to non randomisation is less likely to be corrected by multivariable 

analyses such as those used in this study when there is a large imbalance in the 

potential confounders between the comparison groups^® .̂ However, the number of 

large imbalances between patients receiving nevirapine and those receiving efavirenz 

in this analysis was limited and all possible efforts have been made to control for these 

factors and for a number of other factors known to be associated with virological 

response. One of these factors is the stage of HIV disease. A more advanced stage of 

HIV disease, which was more frequent in patients receiving efavirenz, is a major 

potential confounder as it is likely to be associated with the probability of virological 

failure. Indeed, it may affect the virological response in different directions as patients 

with more advanced disease tend to be more adherent than the average patient but 

may also be less likely to tolerate antiretroviral therapy^ In  this analysis, there was a 

tendency for patients with a previous AIDS diagnosis to have a lower risk of virological 

failure. Similarly, the management of HIV has improved in more recent years and it 

was imperative to make sure that the observed favourable response to efavirenz does 

not simply reflect the fact that clinicians are now more experienced in treating HIV 

infection. Further, by stratifying for infectious disease wards, centre-specific
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preferences for one or the other drug should be accounted for. Obviously, the 

presence of residual confounding due to unknown factors associated both with the 

virological response and with the frequency of NNRTI use, or other confounders which 

have not been measured, cannot be ruled out by this analysis.

It was, however, reassuring that the results were similar when other sensitivity 

analyses were performed. The main comparison of virological response was performed 

following an intention to treat principle according to which any therapy modifications 

have been ignored. This was done because the main objective was the comparison 

between the two drugs in “real life”. However, the flexibility of the time to event 

approach was fully implemented in this analysis. Thus, an on-treatment analysis was 

performed censoring the follow up time of patients who discontinued nevirapine or 

efavirenz without virological failure. Since a higher frequency of discontinuation was 

found for nevirapine compared to efavirenz, it was conceivable that a smaller 

difference in virological response would be observed when comparing only patients 

who remained on their allocated treatment. However, this difference, in favour of the 

group using efavirenz, was even larger when patient follow-up was censored at the 

date of drug discontinuation. Also, results were similar when drug interruptions were 

considered along with virological failures as therapy failures. As described in chapter 4, 

this is a particular type of intention to treat analysis that compares drug regimens in 

terms of a combined measure of their potency and toxicity. The fact that this analysis 

also provided similar estimates suggests that not only is efavirenz less toxic than 

nevirapine, but it is also more potent.

In summary, this is the fourth observational study that has shown a superior virological 

response to efavirenz-containing HAART regimens as opposed to a nevirapine- 

containing HAART regimens. Two studies showed a difference mainly in pre-treated 

p a t i e n t s ^ a n o t h e r  study (using data from two cohorts) focussed on antiretroviral- 

naïve patients onlŷ °®, and this analysis confirms these findings in both these settings. 

These data also suggest that this difference does not depend only on how frequently 

these drugs are discontinued and it may be reflected in a tendency for the CD4 count 

increase more quickly with efavirenz-containing regimens. Although there are two 

small and two larger randomised trials ongoing, no data have been published to date. 

While waiting for these results to come to light, it is important to perform this 

comparison in the largest possible number of studies and to compare the results of 

these analyses.
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6.6 Summary of chapter
In this chapter a number of issues related to the management of patients infected with 

HIV and receiving HAART were analysed. The first analysis emphasised that, despite 

the fact that current therapies have been effective in reducing AIDS-related mortality in 

the western world, their use and effectiveness can be seriously limited by the 

development of drug-associated adverse events. In this analysis, 38% of the patients 

studied discontinued their first antiretroviral regimen over a median follow-up of 45 

weeks. The predominant reason for discontinuing therapy was drug-associated toxicity 

(55% of the discontinuations), whereas failure was implicated only in about 13% of 

discontinuations. Furthermore, discontinuations due to toxicity occurred earlier after 

starting therapy and those due to failure later over follow-up. A key conclusion was 

that, if antiretroviral-naive patients starting HAART could perfectly tolerate their 

regimen, less than 1 0 % would then discontinue therapy because of failure by one year 

of starting HAART. Despite the effort that has been made recently to develop new 

drugs that may have a more favourable toxicity profile more needs to be done to 

achieve a perfectly tolerable therapy, especially with the concern that HAART has to 

be taken for life.

Before the introduction of HAART in clinical practice viral load was not as frequently 

measured as nowadays. This was partly because at that time it was not possible to 

have a measure of viral load within a short period of time. It has been shown that, in 

the UNIF database, the average frequency of measurements is 4 weeks. Especially for 

patients who have previously experienced multiple therapy failures, clinicians make 

sure that the viral load is monitored at least monthly. The problem is that the 

“expected” viral load decrease upon initiation of therapy is very often based on 

clinicians’ personal opinion rather than on population-based estimates. For example, if 

a patient is antiretroviral-naïve, a minimum of 2  logio copies/mL has been often 

indicated as the average expected 4 week viral load decline. In this chapter, it was 

shown that 7.5% of the patients of UNIF had a viral load >10,000 copies/mL after 2 

months of therapy and that only in 42% of these did viral load decrease to a value 

^500 copies/mL by 24 weeks of therapy. Consequently, these data suggest that those 

patients who still have a viral load >10,000 copies after 2 months of HAART are likely 

to be “future non responders”. Therefore, the reason for this sub-optimal initial viral 

load decrease should be thoroughly investigated so that the therapeutic strategy may 

be revised accordingly. For example, in patients who are thought to be adherent but 

whose plasma drug concentrations are lower than the levels expected, therapy 

intensification may be a viable option.
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Besides the problem of identifying patients who are not likely to respond to therapy, 

this chapter also focussed on patients who did achieve successful virological 

suppression on HAART. In these patients, a high incidence of viral rebound between 

51 and 500 copies/mL was found following a period of suppression to a value ^50 

copies/mL (33.5 events per 100 person/years). The analysis showed that an episode 

of viral rebound in the range of 51-500 copies/mL was followed by a value ^50 

copies/mL in 76% of cases (viral blip) without any change in therapy. However, a viral 

blip was associated with a two-fold increased risk of subsequently experiencing a viral 

load >500 copies/mL compared to a recent history of sustained viral suppression. This 

result is consistent with that of a recent analysis showing a two-fold higher rate of viral 

rebound >400 copies/mL by 36 months of HAART comparing patients who had 

sustained viral suppression below 400 copies/mL over the first year of HAART with 

those who had intermittent viremia"̂ ^®. Moreover, in the analysis presented in this 

chapter, two consecutive viral rebounds in the range of 51-500 copies/mL were 

associated with nearly a 6 -fold increased risk of subsequent failure >500 copies/mL 

compared to a recent history of sustained viral suppression. Therefore, this analysis 

emphasises that virological blips are frequent in clinical practice and that it is crucial to 

rapidly re-assess viral load following a viral rebound in the range of 51 -500 copies/mL. 

Also, because of the observed increased risk of virological rebound associated with 

blips it has been suggested that structured treatment interruption studies should 

proceed with caution"̂ ^®.

Finally, the comparison of the response to either nevirapine- or efavirenz-containing 

HAART regimens was the focus of the last analysis. Although several cohort studies 

have found that patients receiving efavirenz-containing regimens had a better 

virological response than those receiving nevirapine-containing regimens, the issue is 

still controversial. Results from clinical trials are lacking, and the experts still debate 

the correct interpretation of results from non-randomised studies. In the analysis 

presented in this chapter, both the virological and CD4 count response to efavirenz- 

containing regimens was superior to that of nevirapine-containing regimens. This 

finding held true in a number of different sensitivity analyses. The clinical progression 

of patients receiving these drug-regimens may be investigated in the near future using 

data from several cohort studies in Europe, Canada and Australia (ART Collaborative 

group).
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CHAPTER 7: DRUG RESISTANCE

7.1 Introduction

As described in section 1.6.5, continued viral replication induces the development 

mutations in the wild-type genome of If viral replication occurs under the

pressure of antiretroviral drugs, mutations in the wild-type genome that allow the virus 

to grow despite the presence of the drugs become the dominant type in that person^®. 

These mutations favour the replication of HIV in the presence of therapy and they 

generate the phenomenon called drug resistance. It is established that the 

development of drug resistance in patients receiving antiretroviral therapy is one of the 

principal factors that limits the duration of viral suppression^“ ’̂ ^̂ ’̂ ®̂’̂ ^’̂ ®®'®®° ®®̂. 

However, the efficacy of antiretroviral therapy (and thus the number of therapeutic 

options for patients) may be limited not only by the development of resistance of 

patients receiving therapy but, even if maybe to a less extent®®®, by the transmission of 

drug resistant strains of HIV to the antiretroviral-naïve infected population. Indeed, the 

rate of transmission of drug-resistant strains appears to be increasing®®®'®®®. Recent 

reports from the USA and the UK indicate that some recently infected patients have 

been infected with a virus carrying well-characterised drug-resistant mutations (1 -2 0 % 

of cases) detected using the genotypic assays. Furthermore, the prevalence of 

recently infected patients carrying a virus with reduced susceptibility to specific drugs 

as measured using phenotypic assays ranged between 2 and 24%®®° ®®'̂ '®®̂. However, 

in other European countries, such as France, Italy, Switzerland and in a study 

conducted in south London the rate of transmitted mutations of HIV appears to be 

lower and more stable over time®®̂ ®®®'®°\ The prevalence of primary drug resistance 
may differ according to modality of infection, gender, and race®®®'®®̂.594,597.598.602 

according to the geographical location of the patients so that individuals living in a 

metropolitan area may not be representative of all HIV-infected individuals in a 

country®®®-®®'-®®®-®®̂.

In section 7.2, the prevalence of drug resistance observed in chronically HIV-infected 

untreated individuals in Italy is reported. This was estimated from a subset of patients 

enrolled in the I.Co.N.A. database for whom a genotypic test was performed on a 

plasma sample stored before the initiation of therapy. For the majority of these patients 

the date of seroconversion was unknown or more than 1 2  months before the date of 

the genotypic test. Therefore, the prevalence is likely to be an underestimate of the 

true prevalence of transmitted resistance in this population. Since the lack of drug 

selection pressure for a period of 1 2  months or longer may cause a reversion of drug- 

resistant virus to a more replication competent strain that may be drug
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susceptible^® ’̂®°®‘®̂°. Drug-resistant strains not present in plasma RNA but archived in 

the proviral DNA within cellular genomes, cannot be detected by a genotypic test 

performed on plasma. However, the mutant virus quickly reappears in plasma RNA as 

soon as therapy is re-started®  ̂\

Whilst it is important to monitor changes in the prevalence of drug-resistant over time 

in the population, according to recent modelling, the aspect that most seriously 

challenges the future success of current HAART is the drug resistance that develops in 

patients while they are receiving therapy®®®.

The impact of drug-resistance developed on therapy on reducing the efficacy of 

antiretroviral treatment is evaluated in the following sections. Section 7.3 focuses on 

the evaluation of the prevalence of drug resistance at the time of confirmed virological 

failure on HAART in a population of heavily pre-treated patients. The susceptibility of 

the virus to specific drugs was measured using a phenotypic assay. The proportion of 

patients who, at the time of virological failure, carried a virus with reduced susceptibility 

to at least one of the drugs contained in their failing regimen (or of drugs that they ever 

received) is reported. Such a figure gives an estimate of the prevalence of the drug 

resistance developed while receiving therapy in a population of heavily pre-treated 

patients who had experienced virological failure on HAART. Furthermore, such an 

analysis may also help in understanding how often virological failure occurs with viral 

rebound of resistant strains.

However, the relationship between drug resistance and therapy outcome can be more 

powerfully studied using a prospective analysis. In particular, if a retrospective 

assessment of drug resistance is possible on plasma samples stored prior to therapy 

initiation (baseline), the risk of virological failure on HAART can be compared in 

patients who, at baseline, had mutations associated with drug resistance (or virus with 

reduced susceptibility to a particular drug detected by a phenotypic test) and in those 

with drug susceptible virus. This kind of analysis has been often been performed in 

observational prospective studies^"^\ However, unfortunately, this study design has 

been rarely been used to evaluate, for example, the association between the drug- 

resistance which develops during antiretroviral treatment and therapy failure®̂

In sections 7.4 and 7.5 the relationship between the level of genotypic and phenotypic 

drug resistance present before starting HAART and the virological response to therapy 

has been evaluated in I.Co.N.A and UNIF, respectively. The results of these analyses 

have contributed to the debate regarding the prognostic value of drug resistance 

testing prior to initiation of therapy to predict virological response in antiretroviral-naive 

and experienced patients. The prognostic value of baseline resistance to predict 

virological response, as well as the estimated prevalence of transmitted mutations.
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constitute crucial data to decide whether drug resistance should be monitored routinely 

in an antiretroviral-naïve population.

7.2 Prevalence of genotypic drug resistance in antiretroviral-naive patients 

before the initiation of HAART in i.Co.N A.
International guidelines for antiretroviral therapy recommend resistance testing to help 

guide the choice of new therapeutic regimens after treatment failure^^’̂ ®’®̂®. Based 

upon this knowledge, genotypic and/or phenotypic testing is now widely used at the 

time of therapeutic switch, particularly in patients experiencing one or multiple 

therapeutic failures, at least in US and most countries in Europe^^’ ®̂®.

In contrast, the lAS-USA guidelines, for example, suggest only consideration, but not 

recommendation, of resistance testing in drug-naive patients with long-term, 

established infection (chronically-infected patients) who are ready to begin 

antiretroviral therapy^^®^®. This indication is mainly based upon both the low level of 

detectable drug resistance in therapy naïve-populations and the lack of consistent data 

providing evidence that the presence of any mutations at this time correlates with the 
virological outcome of HAART^®®^.602,614^20 Therefore, it is important to monitor the 

prevalence of drug-resistant mutations in the population of ART-naïve patients and to 

use large observational databases to assess whether the sequencing of the HIV 

genome might help to guide the choice of the first therapeutic regimen in such patients.

7.2.1 Studv population and methods

The analysis focussed on a subset of 347 patients enrolled in I.Co.N.A. for whom a 

stored pre-HAART plasma sample was available and HIV sequencing of RT and 

protease regions was performed. As described in chapter 2, plasma samples from all 

patients in the study are collected at inclusion (and every following 6 months), and are 

stored at -80°C in a centralized plasma bank. These patients subsequently began a 

HAART regimen including 2 NRTI plus at least one PI or NNRTI and the majority of 

them did not have a documented date of HIV seroconversion (as defined by last 

negative and first positive test). For the 78 patients (22.5%) who did have a 

documented date of seroconversion, this occurred more than 12 months before the 

date of genotypic testing in most cases. The characteristics of these 78 patients were 

similar to those of the rest of the patients (data not shown).
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Statistical analysis
Mutations considered in the analyses (either primary or secondary) are those reported 

to be associated with resistance to antiretrovirals available for clinical use or in 

advanced clinical development^^.

Only simple descriptive statistics have been used in this section. The frequency of 

patients with primary and secondary mutations in the reverse transcriptase (RT) and 

protease (PR) gene were calculated. Despite the fact that a recent update proposed by 

a subgroup of the lAS-USA guidelines argues that no distinction should be made 

between primary and secondary resistance in the RT region {d’Aquila R and 

colleagues, Drug Resistance Mutations in HIV-1, Topics in HIV Medicine, Volume 10, 

Issue 2 May/June 2002, www.iasusa.org), to date, there is no consensus on such a 

distinction that, therefore, has been maintained in this analysis. The differences in the 

proportion of patients carrying a certain mutation or a certain group of mutations 

between groups were tested using the test.

7.2.2 Results

Baseline characteristics of patients enrolled in this study are shown in Table 7.2.1: the 

median CD4-cell count of the whole cohort was 231 cells/pil (IQR: 77-446), and median 

viral load was 4.89 logio copies/mL (IQR: 4.41-5.36), 20.7% of patients were in CDC 

stage C. Therefore, these patients, who were about to start antiretroviral therapy, could 

be characterised as having quite advanced HIV disease (on the basis of virological, 

immunological or clinical parameters). A total of 71 out of 347 patients (20.5%) carried 

no primary or secondary mutations in both the RT and PR region; 239 (68.9%) had 

mutations believed to confer some degree of resistance to one class of antiretroviral 

drugs (either NRTI, NNRTI, or PI), 35 (10.1%) to two classes, and 2 (0.6%) to three 

classes. Patients carrying mutations in the RT and PR region were distributed across 

Italy, without evident clusters of prevalence in specific geographic areas.
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Table 7.2.1 Characteristics of 347 antiretroviral-naïve patients from I.Co.N.A about to
start therapy

Characteristics Number %
Gender
Males 261 75.7%
Mode of HiV transmission
IVDU 129 37.2%
Homosexuals 81 23.3%
Heterosexuals 109 31.4%
Other/unknown* 28 8.1%
Age (years) Median: 34 IQR: 31-39
CDC stage
A 215 62.0%
B 60 17.3%
0 72 20.7%
Piasma HiV-RNA
logio copies/mL Median: 4.89 IQR: 4.41-5.36
CD4 count
Cells/pL Median: 231 IQR: 77-446
*lncluding patients with >1 risk factor 
IQR: Interquartile range

Mutations in the RT region associated with resistance to RT-inhibitors were present in 

40 out of 347 patients (11.4%), while 307 patients (88.6%) did not carry any such 

mutations (Table 7.2.2). Thirty patients (8.6%) carried one single mutation in this 

region, and 10 had 2 to 4 mutations, for a total of 53 amino-acid changes. Mutations 

associated with resistance to NRTI were found in total in 27 patients (7.8%), for a total 

of 36 amino-acid changes (Table 7.2.3): 6 patients had 2 mutations and 1 patient had 

four mutations. Seventeen patients (4.9%) carried mutations associated with 

resistance to NNRTI (each carrying 1 single mutation). It may be noted that 4 of these 

patients (1.2%) had mutations associated with resistance both to NRTI and NNRTI. 

Thirteen out of 347 patients (3.7%) carried mutations at one or more positions of 41, 

67, 70, 210, 215, and 219, related to resistance to thymidine analogue mutations 

(TAMS) (Table 7.2.3). Nevertheless, substantial resistance to zidovudine could be 

predicted in only 2 patients carrying the mutation T215Y (accompanied in both cases 

by mutation M41L). Two out of 347 patients (0.6%) carried the mutation Ml84V 

conferring full resistance to 3TC. Another two patients in total (0.6%) carried mutations 

(T69D and T215C) associated with resistance to ddC. Finally, one patient carried 

mutation K103N conferring high-level resistance to all NNRTI.
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Table 7.2.2 Patients carrying mutations believed to confer some degree of resistance 

to anti-HIV drugs according to the number of mutations

Reverse transcriptase
Number of patients (%)

Protease
Number of patients (%)

No mutations 307 (88.6) 76 (21.9)

1 mutations 30 (8.6) 153(44.1)

2 mutations 8 (2.3) 97 (27.9)

3 mutations 1 (0.3) 16 (4.6)

4 mutations 1 (0.3) 4 (1.2)

5 mutations 0 (0.0) 1 (0.3)

347 (100.0) 347 (100.0)

Overall, primary mutations conferring high-level resistance to RTI were found in only 6 

out of 347 (1.7%) patients (1 patient carrying both T215Y and Ml84V).

A low prevalence of other mutations associated with limited degrees of resistance to 

RTI was also reported (Table 7.2.3), including 2 patients carrying only the mutation 

M41L (2 others had it associated with the key T215Y). It may be noted that 12 patients 

(3.5%) carried mutation V I I81 (11 patients) or E44D (1 patient) recently reported to 

confer a moderate degree of resistance to 3TC as well as TAMs®̂  ̂®̂ . V1181 is the 

most represented RT mutation in this cohort of drug-naïve patients (3.2%). Regarding 

multi-drug resistance to NRTI, neither Q151M nor insertions at position 68-70 were 

found. Three patients (0.9%) carried a mutation A62V, that can be associated with 

multi-drug resistance to all NRTI only if accompanied by Q151M^^®^®.

As regards the protease region (Table 7.2.2), 76 patients (21.9%) carried no mutations 

in this region; 153 (44.1%) had one mutation, 97 (27.9%) two, 16 (4.6%) three, 4 

(1.2%) four mutations, and 1 (0.3%) five, for a total of 419 mutations. All these patients 

carried only secondary mutations, with the exception of 1 patient who carried primary 

mutations V82A+I54V, another who carried V82I, and three patients who had 

mutations at position 46 (M to either V or L) (Table 7.2.3). Thus, a total of 5 out of 347 

patients (1.4%) carried mutations conferring substantial levels of resistance to protease 

inhibitors.
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Table 7.2.3 Prevalence of mutations associated with resistance to antiviral drugs 

in 347 antiretroviral-naive chronically infected patients 

a. Reverse transcriptase region

Mutation Frequency % of mutations

M41L 4 7.4
E44D 1 1.9
A62V 3 5.7
D67N 2 3.8
T69D 1 1.9
K70E 2 3.8
A98G 3 5.7
K101E/I 2 + 1 = 3 3.8 + 1 9  = 5.7
K103N/R* 1 + 2  = 3 1 .9 + 3.8 = 5.7
V I 061 4 7.4
V I 081 1 1.9
V 1 181 11 20.7
V179D 3 5.7
M184V 2 3.8
L210W 4 7.5
T215C/Y 1 + 2  = 3 1.9+  3.8 = 5.7
K219Q 3 5.7
Total 53 100.0

*Only K103N is associated with high-level resistance to NNRTI 

b. Protease region

Mutation Frequency % of mutations

LI OF/I A/ 2 + 2 4 + 1 3  =39 0.5 + 5.7 + 3.1 = 9.3
K20M/R 1 + 7  = 8 0.2 + 1 .7 =  1.9
L33F 3 0.7
M36I 72 17.2
M46UV 2 + 1 = 3 0.5 + 0.2 = 0.7
i54V 1 0.2
L63P 185 44.2
A71TA/ 19 + 7 = 26 4.6 + 1 7  = 6.3
G73S 1 0.2
V77I 79 18.9
V82A/i 1 + 1 = 2 0.2 + 0.2 = 0.4
Total 419 100.0

In bold are reported the mutations associated with high level of resistance

Regarding secondary mutations, other than L63P (a common polymorphism found in 

182 patients, 53.3%) the most frequent was V77I (79 patients, 22.8%), followed by 

M36I (72 patients, 20.7%), L10F/I/V (39 patients, 11.2%), and A71T/V (26 patients, 

7.5%). Each of the other secondary mutations in the PR region was found in less than 

5% of these patients (K20M/R, 8 patients, L33F, 3 patients, and G73S, 1 patient).
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7.2.3 Interpretation

This analysis presents data on the prevalence of mutations in the RT and PR region in 

347 patients with long-term HIV-infection, tested at the time of therapy initiation. This is 

one of the largest cohorts of patients studied to date for this purpose.

The overall results show a prevalence of 11.4% of mutations associated with 

resistance to RTI; mutations associated with resistance to NRTI and NNRTI were 

present in 7.8% and 4.9% of patients respectively, with 4 patients (1.2%) carrying 

mutations to both NRTI and NNRTI. Nevertheless, mutations conferring high-level 

resistance to RTI were present in less than 2% of patients (95% CI:0.6-3.7%). 

Similarly, mutations reported as associated with resistance to PI were found in 78.1% 

of patients but, as for RTI, only 5 of these patients (1.4%, 95% Cl: 0.5-3.3%) carried 

primary mutations conferring substantial degrees of resistance to PI.

Data reported in the literature about the prevalence of overall mutations (including both 

primary and secondary) in naïve patients are often conflicting, with figures ranging from 

0 to The large majority of these studies refer

to patients tested at the time of primary infection, or within one year from 

seroconversion, when a relatively high prevalence of mutations can be explained by 

the transmission of resistant virus. Data obtained in these recently seroconverted 

patients cannot, in principle, be extrapolated to antiretroviral-naive chronically infected 

patients, as those in I.Co.N.A., who were tested at least one year after infection. 

Indeed, over such a long period of time, the high daily production of virus particles, the 

high rate of mutations induced by the error prone reverse transcriptase, and the 

absence of a selective pressure induced by drugs, would favour the appearance of 

other strains of HIV. This virus has the highest replicative capacity under the new 

conditions (no drug pressure over a period ^ 1 2  months) and it is likely to be different 

from the originally transmitted strain. For example, it is likely that this new strain would 

have lost any mutations that reduced the replicative capacity of the virus in the 

absence of drug pressure^®’ ®̂°®'®̂°. Thus, it is not surprising that the prevalence of 

primary mutations found in this cohort of drug-naïve, chronically-infected patients is 

lower than that described by others at the time of primary infection. Indeed, recently 

published studies conducted in recent seroconverters, show higher rates of primary 

mutations than that observed in this study®®"̂ ®®®. The overall prevalence of the 

mutations conferring high level resistance to either RT- or PI- inhibitors reported in 
other similar studies published to date is below 0 %598.6i8-62o.626 y|.̂ |g analysis, 

performed in a large cohort, extends these observations, suggesting that the overall 

prevalence of high level resistance may be even lower, at least in Italy.
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When evaluating the clinical implications of these results, two factors should be noted. 

Firstly, as discussed above, the prevalence of primary drug resistant virus in these 

patients could be higher in the proviral DNA within cellular genomes than in the plasma 

and it may quickly reappear when pressure is imposed by antiretroviral drugs®^\ 

Indeed, two cases of mutated, resistant virus in the DNA in the presence of the wild 

type virus in plasma have been reported®̂ ®. Secondly, a high prevalence of PI 

secondary mutations was found in this study. Secondary mutations are known to 

accumulate (sometimes in an ordered way) under the pressure of antiretroviral therapy 

to compensate for the loss of fitness induced by the appearance of primary mutations. 

However, these mutations may also exist (as natural polymorphisms) before the 

appearance of primary mutations, as demonstrated by this analysis and other 

studies®®"̂ ®®®. However, whether and how secondary mutations affect the efficacy of 

antiretroviral treatments is still a matter of investigation.

In conclusion, at this stage, more data are needed to reach a consensus regarding the 

usefulness of resistance testing in predicting the efficacy of antiviral drugs in naive 

patients. Certainly it will be crucial to monitor the prevalence of drug resistance virus 

and to design prospective studies to assess the association between virological and 

clinical failure and the presence of drug resistance in the antiretroviral-naïve

population.

7.3 Prevalence of phenotypic drug-resistance In a group of predominantly pre
treated patients of UNIF experiencing virological failure on HAART
Several studies have shown that in a significant number of patients who experience 

virological failure this can be partly explained by the development of

resistance^®®’̂ ®̂’̂ ®®’̂ ®®’̂ ®®’®®®'®®'̂ . Deeks and colleagues showed a significant correlation 

between phenotypic drug susceptibility and virological outcome in twenty patients who 

had a viral rebound while on indinavir-containing regimenŝ ®®. Montaner and 

colleagues reported that resistance to prescribed drugs/drug classes predicts lack of 

virological response in heavily pre-treated patients®^ .̂ Whilst in most of these small 

studies phenotypic resistance was a more important predictor of virological failure than 

either the CD4 count, viral load or previous drug history, rebounds in viral load have 

also been observed in patients with wild-type viruŝ ®®’®®®. In this section, the prevalence 

of resistance in patients from UNIF for whom a phenotypic resistance test was

performed after viral load rebound following the initiation of therapy with a PI or a

NNRTI is reported. Specifically, the proportion of patients who had resistant isolates to 

at least one of the drugs included in their initial PI- or NNRTI-containing regimen (or 

ever received) was calculated.
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7.3.1 Studv population

The analysis focussed on a group of patients enrolled in UNIF who started a PI or a 

NNRTI, whose viral load either decreased to below 500 copies/mL and subsequently 

increased above 500 copies/mL (group A) or decreased by at least 1.0 logioCopies/mL 

and subsequently increased by at least 0.5 logio copies/mL above this initial reduction 

(group B). This first PI- or NNRTI-containing regimen was defined as the “baseline 

regimen” even though most patients had previously received nucleoside analogues. 

Patients were included in the analysis only if they had a phenotypic assay test, 

complete for all the drugs included in the baseline regimen, within 36 weeks after the 

date of viral rebound. The date of viral rebound was defined as 1) the first time viral 

load was above 500 copies/mL for group A and 2) the first time an increase of 0.5 logm 

copies/mL or higher occurred for group B. Prevalence of resistance was calculated 

separately in patients who belonged to group A and B and the analysis was repeated 

using only patients who were still receiving antiretroviral treatment at the time of the 

phenotypic resistance test. In these patients, in addition to the drugs of the baseline 

regimen, the prevalence of isolates resistant to any of the drugs received prior to the 

test (or currently receiving at the date of resistance testing) was calculated. 

Importantly, the prevalence of isolates resistant to any of the drugs received prior to 

the phenotypic test was calculated irrespective of whether the patients were or were 

not receiving antiretroviral treatment at the time of the test. However, the analysis was 

repeated after excluding patients who were not receiving drugs at the time of the test 

because the interpretation of resistance testing in the absence of drug pressure is not 

straightforward.

Phenotypic HIV resistance testing
Phenotypic resistance to all currently available antiviral agents was assessed using a 

recombinant virus assay (Antivirogram^'^)as mentioned in section 1.6.5®̂ ®. An isolate 

was considered resistant to a drug if the IC50 was at least 4-fold higher than the ICsofor 

the wild-type control virus (see section 1 .6.5 for the definition of I C 5 0  in the context of 

phenotypic testing). The new lowered cut-off for drugs such as stavudine and 

didanosine recently introduced by VIRGO were not used in this analysis. Indeed, the 

drug-susceptibility thresholds associated with reduced responses to treatment are not 

clearly defined for all drugs.
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7.3.2 Results

Five hundred and ninety-eight patients in the Frankfurt HIV clinic cohort were 

considered as the study population: 467 (78.1%) who started a PI or a NNRTI (not 

necessarily as part of a HAART combination), whose viral load decreased to below 

500 copies/mL upon initiation of therapy and subsequently relapsed to a value above 

500 copies/mL and 131 patients (21.9%) who also started a PI or a NNRTI, whose viral 

load remained above 500 copies/mL but who experienced an initial drop of at least 1.0 

loQioCopies/mL of RNA and a subsequent viral rebound of at least 0.5 logio copies/mL. 

Phenotypic resistance for at least one PI or NNRTI was tested within 36 weeks after 

the estimated date of viral rebound in 60 patients (median=19 weeks, range: 1-35 

weeks). Patients who had the phenotypic assay test (n=60) appeared to be similar to 

the rest of the study population (n=538) in terms of age (mean=36.9 years vs. 38.8 in 

the patients without a test, t test p=0.16), baseline HIV RNA (mean=5.08 logic 

copies/mL vs. 4.89 logic copies/mL, p=0.15) and number of drugs started (mean=2.94 

vs. 2.92). However, patients with the phenotypic assay tended to have lower baseline 

CD4 counts (96 cells/pl vs. 200 cells/pl, p=0.001) and higher viral loads at the time of 

viral rebound (mean=4.44 logic copies/mL vs. 3.91 logic copies/mL, p=0.0002). They 

also had been exposed to more drugs (average number of nucleosides received prior 

to baseline=1.60 vs. 2.55, p=0.0001) compared to those who had not been tested for 

resistance. Of the 60 patients included, thirty-three patients (7.1% of the study 

population) belonged to group A and 27 (5.8%) to group B. Details of the 

characteristics of these patients at the time of starting the baseline regimen are given 

in Table 7.3.1. The majority (53.3%) started indinavir, 15% started a NNRTI (nevirapine 

in all cases). Stavudine and lamivudine were the most frequent nucleosides started at 

the same time. Ten patients (16.7%) were antiretroviral naïve at baseline; of the 

antiretroviral-experienced patients, all had previously received zidovudine and the 

majority (86.0%) had previously received lamivudine. The frequency of resistance after 

viral rebound for the whole group of patients is given in Table 7.3.2. Eighteen patients 

(30.0%, 95% Cl: 18.8-43.2) had virus strains that were resistant to only one of the 

drugs contained in the baseline regimen. Among the 58 patients whose baseline 

regimen contained at least two drugs, 18 patients (31.0%, 95% 01:19.5-44.5) 

harboured isolates that were resistant to two of these drugs and among the 55 who 

started at least three drugs, 7 patients (12.7%, 95% 01:5.3-24.5) harboured isolates 

that were resistant to three drugs.
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Table 7.3.1 Main characteristics of the 60 patients with a phenotypic
resistance test

Viral load (RNA coples/mL)
median (range) 158,000 (300-5,000,000)
CD4 count (cells/pl)
median (range) 96 (3-972)
PI or NNRTI started at baseline n(%)
saquinavir^*) 10(16.7)
indinavir 32 (53.3)
ritonavir 7(11.7)
nelfinavir^*) 3 (5.0)
nevirapine 9(15.0)
Nucleosides started with the PI or NNRTI n(%)
zidovudine 21 (35.0)
zalcitabine 3 (5.0)
didanosine 16 (26.7)
stavudine 35 (58.3)
lamivudine 39 (65.0)
Antiretroviral-naïve n(%)
yes 10(16.7)
no 50 (83.3)
Antiretroviral-experienced (n=50)
Number of NRTI used prior to baseline n(%)
1 1 (2 .0 )
2 18 (36.0)
3 12 (24.0)
4 15 (30.0)
5 4 (8.0)
NRTI used prior to baseline n(%)
zidovudine 50 (100.0)
zalcitabine 27 (54.0)
didanosine 12 (24.0)
stavudine 20 (40.0)
lamivudine 43 (86.0)
^O ne patient who started saquinavir/nelfinavir is included twice

Among the 51 patients who started a PI, 23 (45.1%, 95% Cl:31.1-60.7) had strains that 

were resistant to the PI which they started. Three out of 3 patients (100%) who started 

nelfinavir carried strains resistant to nelfinavir (mean IC5o=30.3). Five patients out of 

seven who started ritonavir (71.4%, 95% 01:29.0-96.3) carried isolates resistant to 

ritonavir. This proportion appeared to be higher than that observed in patients who 

started indinavir (37.5%, 95% 01: 21.1-56.3, 12 indinavir-resistant strains out of 32 

patients, chi-squared p=0.10) or saquinavir (40%, 95% 01:12.2-73.8, 4 out of 10, 

Fisher’s exact test p=0.33). Mean levels of IO50 were 42.8 for saquinavir, 11.8 for 

indinavir and 21.2 for ritonavir. Reduced susceptibility to nevirapine was also common; 

eight out of 9 patients (88.9%, 95% 01:51.8-99.7) who started nevirapine harboured 

strains resistant to this drug (mean I0so=988.8). Among the nucleosides (using the old
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cut-off of 4-fold for the I C 5 0 ) ,  reduced susceptibility to zidovudine and lamivudine were 

the most frequent (15 out of 21 and 30 out of 39, respectively), while reduced 

susceptibility to didanosine was rare (3 out of 16 and 8  out the total 60) and no 

patients' isolate was resistant to stavudine (of 35 patients who started stavudine) or 

zalcitabine (of 3 patients who started zalcitabine). Overall, 46 (76.7%, 95% 01:64.0- 

8 6 .6 ) of patients’ virus strains were resistant to at least one of the drugs of their 

baseline regimen within 36 weeks after the rebound in viral load. However, at the time 

of the resistance testing, 5 patients (8.3%) had temporarily discontinued their 

treatment. Since it has been observed that treatment interruptions may alter the HIV 

susceptibility status, the proportion of isolates that were resistant to at least one of the 

drugs contained in the baseline regimen was re-calculated after excluding these 

patients and the results were similar (42/55, 76.4%, 95% 01:63.0-86.8). Of these 55 

patients, 40 patients (72.7%) had switched to a different drug combination by the time 

of resistance testing compared to baseline (Table 7.3.2). For the 55 patients who were 

still on some treatment at the time of the resistance testing, the proportion of isolates 

that were resistant to at least one of the drugs ever received (or currently receiving) at 

the time of the test was calculated. Forty-seven out of 53 (88.7%, 95% 01:77.0-95.7) 

patients had resistant strains and six patients (11.3%) harboured isolates susceptible 

to all the drugs ever received before. Two patients have been excluded from these 

calculations because they had incomplete resistance test results.
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Table 7.3.2 Resistance profiles in 33 patients whose HIV RNA rebounded after initial viral

suppression (Group A) s500 copies/mL

Baseline combination n Combination at resistance test n Resistant to baseline

Ritonavir
D4T/saquinavir
D4T/3TC/ritonavir
D4T/3TC/indinavir

33
1
1
1
9

D4T/3TC/saquinavir 3

[)4T/ddl/nelfinavir
D4T/ddl/indinavir

D4T/ddl/saquinavir
04T/ddl/nevirapine

D4T/dd I/3T C/ritonavir 
zdv/3TC/indinavir

zdv/3T C/nevirapine

zdv/ddC/indinavir

treatment interruption
D4T/nelfinavir
D4T/3TC/indinavir
D4T/3TC/indinavir
D4T/3TC
D4T/3TC/saquinavir
saquinavir/ritonavir
ddl/D4T/nevirapine/saqunivair/ritonavir
zdv/nevirapine/nelfinavir
D4T/3T C/saq uinavir
zd v/3T C/saq uinavir
D4T/nevirapine/indinavir
treatment interruption
zdv/3TC/nelfinavir
ritonavir/saquinavir
ddl/D4T/3TC/nev/saq/rit/nel
D4T/ddl/saquinavir
D4T/ddl/nevirapine
zdv/3T C/nevirapine
ddl/3TC/saquinavir
zdv/3TC/indinavir
ddl/3TG/indinavir
ddl/D4T/nevirapine
treatment interruption
zdv/ddl/nelfinavir
3TC/D4T/nelfinavir

2 3TC/D4T/indinavir

27 (78.8%)
none
none
3TC/ritonavir 
none (n=2)
3TC (n=4) 
3TC/indinavir (n=3)

saquinavir (n=1) 
3TC/saquinavir (n=2)

nelfinavir 
none (n=2)
ddl (n=1)

none
nevirapine

ddl/3TC 
zdv (n=2) 
indinavir (n=1) 
zdv/3TC (n=1) 
zdv/3TC/indinavir (n=1) 
zdv/3T C/nevirapine 
(n=1)
3TC/nevirapine (n=1) 
zdv (n=1)
indinavir (n=1)________

The main analysis was repeated including only the subgroup of patients whose viral 

load decreased to below 500 copies/mL upon initiation of baseline therapy, then 

subsequently rebounded above 500 copies/mL and who had a phenotypic resistance 

test (n=33, Table 7.3.2). Results were similar. Twenty-seven patients (81.8%, 95% 

01:64.5-93.0) carried strains that were resistant to at least one of the drugs they 

received as part of their baseline regimen. Twenty-eight patients started a PI and 11 of 

these (39.3%, 95% 01:21.5-59.4) were resistant to the PI they received. Five patients 

started nevirapine and all had resistant strains to this drug. Again, reduced 

susceptibility to zidovudine ( 6  out of 9) and lamivudine was more common than 

reduced susceptibility to the other nucleosides. Fifteen patients out of 21 who received 

lamivudine carried strains that were resistant to this drug compared to 2 out of 9 who 

received didanosine (chi-squared p=0 .0 1 ).
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Table 7.3.2 Resistance profiles in 27 patients whose HIV RNA rebounded after initial viral
suppression (Group B) One logio copies/m L

27 20 (74.1%)
Indinavir 1 zdv/3TC/indinavir 1 Indinavir
D4T/3TC/ritonavir 1 saquinavir/ritonavir 1 3TC/ritonavir
D4T/3TC/indinavir 5 D4T/3TC/indinavir 2 none (n=2)

ddl/ D4T/3TC/nevirapine 1 3TC (n=1)
ddl/ D4T/nevirapine/nelfinavir 1 3TC/indinavir (n=2)
ddl/saquinavir 1

D4T/3TC/saquinavir/ne 1 D4T/3TC/saquinavir/nelfinavir 1 3TC/nelfinavir
finavir
ddl/3TC/nevirapine 1 D4T/3TC/ritonavir 1 3TC/nevirapine
D4T/ddl/indinavir 1 D4T/ddl/indinavir 1 None
D4T/ddl /saquinavir 2 zdv/3TC/nelfinavir 1 none

D4T/ddl/nevirapine 1
D4T/dd I/nevirapine 2 zdv/3TC/nelfinavir 1 none (n=1)

treatment interruption 1 ddl/nevirapine (n=1)
ddC/indinavir 1 ddl/D4T/nevirapine/saquinavir/ritonavir 1 none
zdv/indinavir 1 treatment interruption 1 indinavir
zdv/3TC/nelfinavir 1 ddl/D4T/saquinavir 1 3TC/nelfinavir
zdv/3TC /ritonavir 2 zdv/3TC/nelfinavir 1 zdv/3TC/ritonavir

zdv/3TC/indinavir 1
zdv/3TC/indinavir 4 zdv/3TC/indinavir 1 3TC (n=1)

D4T/saquinavir 1 zdv/3TC (n=1)
zdv/3TC/saquinavir 1 zdv/3TC/indinavir (n=2)
ddl/D4T/3TC/nevirapine 1

zd v/3T C/saq uinavir 2 ddl/D4T/nelfinavir 1 zdv (n=1)
3TC/D4T/saquinavir/nelfinavir 1 zdv/3TC/saquinavir

(n=1)
zdv/3T C/nevirapine 1 zdv/ddl/nevirapine 1 zdv/3T C/nevirapine
zdv/ddl/ritonavir 1 3TC/D4T/nelfinavir 1 zdv/ritonavir
Total patients (a)^+(bl 60 46 (76.7%)

7.3.3 Interpretation

This study clearly shows that reduced drug susceptibility is common in a population of 

predominantly heavily treatment experienced patients who had virological failure after 

starting a PI/NNRTI-containing regimen. This is in agreement with another recent 

report®̂ ®. Reduced susceptibility to PI (especially ritonavir and nelfinavir), nevirapine, 

zidovudine, and lamivudine were the most frequent while reduced susceptibility to 

stavudine or zalcitabine was extremely rare. However the low frequency of resistance 

to stavudine could simply be due to the fact that a cut-off of 4-fold was used for the 

phenotypic assay which may define as susceptible viruses that are in reality resistant 

to this particular drug. Indeed, recent reports tend to find a much higher level of 

resistance to stavudine®®°®®\ Also, there is now evidence that most of the TAMs 

associated with resistance to zidovudine confer some degree of phenotypic cross

resistance to stavudine®®̂ ’®®®.
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Whilst these findings do not prove that this observed reduced susceptibility causes 

virological failure, resistant strains tend to be present after virological rebound. 

Specifically, more than three quarters of the patients who had a virological rebound 

carried strains that were resistant to at least one of the drugs that they received at 

baseline and almost 90% of the patients harboured strains that were resistant to at 

least one of the drugs that they ever received at the time of resistance testing. It should 

be also noted that 6  patients carried HIV isolates that were fully susceptible to all the 

drugs they ever received. It has been shown that drug holidays (of 2-3 months) may 

alter patients’ susceptibility status®®"̂ ®̂®. However, all six patients were receiving some 

antiretroviral treatment at the time of resistance testing. It is possible that virological 

failure in these patients is associated with other factors related to available plasma 

drug levels (e.g. poor drug absorption, adherence) or other factors not considered in 

this analysis. Indeed, at this point in time there is agreement that poor adherence is the 

most important predictor of virological failure^\ However, phenotypic resistance 

assays yield no information on mixtures of wild type and resistant virus and the 

possibility that drug resistance was actually present but not detectable cannot be 

excluded®^®’®®®. Further, it is unclear at this point in time whether a cut-off of 4-fold 

would be able to detect a resistant virus for all the drugs or whether a drug-tailored cut

offs, like those recently introduced for example by VIRCO, are needed®®®’®®̂®®®.

Other possible limitations of this study need to be discussed before drawing firm 

conclusions. Firstly, the lack of an antivirogram test at exactly the time of virological 

rebound, means that patients may have harboured wild type strains at the time of 

rebound and then developed resistance over the following 36 weeks of drug selective 

pressure. Moreover, in a given patient, the degree of phenotypic susceptibility to a 

ceratin drug may vary if measured one week after the defined date of virological failure 

or 36 weeks after this date. Also because of the lack of a phenotypic resistance test at 

baseline, some of the observed drug resistance could already be present at baseline. 

Further, the real prevalence of resistance may have been underestimated because of 

the fact that some mutations may have reverted to wild type in patients who interrupted 

therapy. However the estimate was similar after excluding patients who, at the time of 

the stored plasma sample, were no longer receiving therapy. Finally, since the 

phenotypic assay test was performed on only a proportion of the study population, 

possible bias due to the selection of these patients cannot be excluded. It is also 

important to note that patients tested for resistance have, on average, been quite 

heavily exposed to nucleoside drugs prior to the initiation of the baseline regimen so 

that the conclusions of this analysis may not apply to patients who first start a PI or a 

NNRTI-containing regimen while naïve or lightly treated.
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In conclusion, these data show that, in heavily nucleoside-experienced patients who 

had a virological rebound after having started a PI or NNRTI-containing regimen, 

resistance to at least one of the drugs included in this first potent regimen is usually 

present. This analysis cannot prove that drug resistance is the cause of virological 

failure nor provide evidence that resistance is associated with virological failure 

(because only patients who had a virological rebound are included). However, these 

results together with the recognition that resistance testing-guided treatment in patients 

who had a virological rebound is beneficial^®®’̂ ®®’̂ '^’̂ ®® support the current 

recommendation of performing a resistance test in patients who require a switch in 

therapy. It may be noted that six patients who had a virological rebound harboured 

strains that were wild type to all the drugs ever received thus reinforcing the belief that 

drug resistance may not be the only factor that leads to virological failure. More studies 

designed to compare the relative prognostic values of drug resistance, self-reported 

adherence and drug concentrations in plasma for predicting virological and clinical 

failure are required.

7.4 Secondary mutations In the protease region of HIV and risk of virological 
failure In antlretrovlral-naïve patients treated with protease Inhibitor-based 

therapy
In section 7.2 the prevalence of resistance in a subset of patients of the I.Co.N.A. study 

with complete pre-therapy genotypic test results was presented. In this section this 

analysis has been extended in order to investigate whether the number of secondary 

PR mutations or specific codons are associated with an increased risk of virological 

failure.

Secondary mutations in protease or reverse transcriptase are known to partially restore 

the replicative capacity lost by the development of primary mutations, but they may 

also directly reduce drug efficacy®°®’®°®. In the majority of cases these mutations may 

just be natural polymorphisms but it is also possible that they have been transmitted by 

patients experiencing virological failure on antiretroviral treatment. In either case, some 

secondary mutations are currently thought to confer some degree of resistance to 

currently licensed antiretroviral drugs^^. Therefore, it appears important to assess 

whether antiretroviral-naiVe patients carry a virus with these mutations before initiating 

HAART. As the first HAART regimen is the best chance for such a patient to achieve 

maximum reduction of virus replication, then if suppression is not achieved because 

the regimen is not potent enough against the mutated virus further drug-resistance 

may develop thus further compromising the efficacy of future treatment strategies.
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In order to efficiently select the best initial combination regimen, diagnostic tools are 

necessary, but these require validation in clinical practice. It has been shown that 

secondary mutations in the protease region may predict the virological response to 

saquinavir/ritonavir-containing regimens, independently of primary mutations, in 

patients whose first line therapy with protease inhibitors fails®®"̂ . It is, therefore, 

conceivable that some secondary mutations present at baseline may be predictive of 

therapeutic outcome even in drug-naive patients who are ready to begin antiviral 

therapy. At this point in time this issue is controversial with several cohorts reporting 

data showing no association between the polymorphisms present before initiation of 

HAART and the virological outcome of therapy^’̂ "̂  ®®®’®̂®.

7.4.1 Studv population

This analysis focused on a subset of the 347 patients included in the analysis reported 

in section 7.2. In particular, 230 antiretroviral-naive patients were included who 

satisfied the following criteria: 1) initiation of a first antiretroviral treatment with two RT 

inhibitors and at least one PI received for at least 16 weeks without interruptions or 

changes; 2 ) availability of plasma samples both at the time of therapy initiation and at 

24 weeks of therapy (see paragraph on statistical analysis).

Of the 230 patients included, 26 had been infected recently (i.e. with documented 

seroconversion in the preceding 12 months), and 204 were chronically infected (i.e. no 

documented seroconversion date was available, or seroconversion was known to have 

occurred more than 1 2  months before the baseline plasma sample).

Plasma viral load was measured using the following assays: Roche Amplicor in 75 

(32.6%) patients, NASBA in 35 (15.2%) patients, Chiron in 115 (50.0%), and in-house 

methods in 5 (2.2%) patients. Each patient’s virological follow-up, however, was 

performed using the same assay.

Statistical analysis
The endpoint of the analysis was defined according to the standardised analysis plan 

(DAP) as described in section 2.3.2. In particular, only the results of the 

discontinuations as excluded (DAE) analysis are reported. The results of the 

discontinuations as failure (DAP) analysis were similar and, therefore, are not shown. 

Logistic regression of virological failure at week 24 as a binary response was 

performed"̂ "̂̂ . Covariates considered in the model included pre-therapy HIV-RNA and 

CD4 count levels, and the number of mutations in each region (reverse transcriptase 

(RT), and protease (PR) regions); each was fitted as a continuous covariate. The 

covariate "number of mutations" (separate for RT and PR region) was constructed as
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follows: for each mutation listed in Table 7.4.1 a score of one was assigned if the 

patient had the mutation, and zero otherwise.

Table 7.4.1 Mutations in the reverse transcriptase and protease regions considered in 

analyses

RT Mutations PR Mutations

M41L L10I/FA//R
A62V K20M/R
K65R L24I
D67N D30N

T69A/S/D V32I
69 INS L33F
K70R/E M36I
L74V M46I/L

V75T/I 147V
F77L G48V
A98G 150V
LI 001 I54V/LVM
K101E L63P

K103N/T/R A71V/T
V106A G738
V I081 V77I
Y115F V82I/A/F/T/8
F116Y 184V
E138K N8 8 D
Q151M L90M
PI 578 I93L
I178M
V179D
Y181I/C

M184V/T/I
Y188C/L
G1908/A
L210W

T215Y/F/C
K219Q/E
P225H
P236L

For each patient, separately for each region, the variable "number of mutations" was 

then calculated as the sum of these single scores. This allowed us to calculate the 

odds ratio of virological failure for the presence of one additional mutation in the RT 

region and in the PR region. Mutations in Table 7.4.1 are those known to relate to 

resistance to antiretroviral drugs currently used in clinics^^ .̂ Mutations at codons with 

an overall prevalence of at least 5% (n^12 patients) were also considered individually. 

No mutation in the RT region, and only five codons in the PR region (10, 36, 63, 71,
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77) met these criteria (see 7.4.3 Results below). Of these, codons showing the closest 

association with the probability of virological failure at week 24 were identified using a 

forward stepwise approach. Thus, the model was ‘built up' by adding at each step the 

codon that explained most residual variation. A new codon was not added to the model 

unless the p-value for the likelihood ratio test was ^ 0.1. This exploratory analysis was 

performed to identify the PR mutations which appeared to have an impact on 

virological response and which were therefore suitable candidates for constructing the 

variable “number of PR mutations”. The logistic regression model was then refitted, 

allowing this variable to count only the mutations identified as predictive by the 

stepwise procedure.

7.4.2 Results

Table 7.4.2 shows the characteristics of the 230 drug-naive patients enrolled in this 

study who began regimens including at least three drugs simultaneously (and with at 

least one protease inhibitor). Although a higher percentage of men was observed 

among recently seroconverted patients than among those with chronic infection (chi- 

squared test p=0 .0 2 ), there were no significant differences in other demographic 

characteristics.

Table 7.4.2 Characteristics of patients at HAART initiation

Characteristic Chronicaiiy
infected

Recentiy
infected

Aii patients

Months since SC
median (range) >12 5(1-11) -

HiV-RNA (logio copies/mL)
median (range) 4.91(2.76-6.64) 4.88 (3.66-5.94) 4.91 (2.76-6.64)
CD4 count (cells/^il)
median (range) 198 (0-1186) 433 (34-826) 226 (0-1186)
Age (years)
median (range) 34 (21-66) 35 (25-54) 34 (21-66)
Gender N (%)
Male 154 (75.5) 25 (96.1) 179 (77.8)
Mode of HiV transmission
N (%) 68 (33.3) 4(15.4) 72 (31.3)
Injecting drug use 51 (25.0) 6(23.1) 57 (24.8)
Male sex to another male 65(31.9) 12(46.1) 77 (33.5)
Heterosexual contacts 20 (9.8) 4(15.4) 24 (10.4)
Other
Totai 204 26 230

As expected, pre-HAART CD4 cell counts were lower in chronically infected patients 

(198 cells/fxL) than in recently infected patients (433 cells/pL, Wilcoxon test p<0.0001).
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However, median viral load was similar between the two groups at HAART initiation 

(4.88 and 4.91 Ioqio copies/ml in recently and chronically infected individuals, 

respectively, Wilcoxon test p=0.80. Table 7.4.2).

Table 7.4.3 lists the drugs included in the HAART regimens started. All patients 

received 3 drugs, including 2 NRTI and a PI, except for two patients who started 4 

drugs (including 2 NRTI, ritonavir and saquinavir). None of the patients included in the 

study received a NNRTI.

The combination including zidovudine, lamivudine and indinavir was the most 

frequently used (43.5%); in general, indinavir (n=136, 59.1%) and hard-gel saquinavir 

(n=64, 27.8%) were the most common PI. There were no statistically significant 

differences in therapy regimens between chronically infected patients and recent 

seroconverters.

Table 7.4.3 Antiretroviral regimens used in 230 naïve patients initiating HAART

HAART regimen started

Chronically
infected

Recently
infected

Aii
patients

ZDV + 3TC + IDV 89 (43.6) 11 (42.3) 100 (43.5)
D4T + 3TC + IDV 18 (8 .8 ) 1 (3.8) 19 (8.3)
ZDV + 3TC + SQV 17 (8.3) 2 (7.6) 19 (8.3)
ZDV + ddl +SQV 17 (8.3) 0 (0.0) 17 (7.4)
ZDV + ddC + SQV 9 (4.4) 3(11.5) 12 (5.2)
ZDV + 3TC + RTV 8  (3.9) 3(11.5) 11 (4.8)
2 other NRTI + IDV 17 (8.3) 0 (0.0) 17 (7.4)
2 other NRTI + RTV 7 (3.4) 4(15.4) 11 (4.8)
2 other NRTI + SQV 14 (6.9) 0 (0.0) 14(6.1)
2 other NRTI + NFV 7 (3.4) 1 (3.8) 8  (3.5)
2 other NRTI + RTV/SQV 1 (0.5) 1 (3.8) 2 (0.9)
Total 204 (100.0) 26 (100.0) 230 (100.0)^
ZDV = zidovudine; D4T = stavudine; 3TC = lamivudine; ddl = didanosine;
ddC = zalcitabine; IDV = Indinavir; SQV = saquinavir; RTV = ritonavir; N R / = nelfinavir

Pre-therapy genotyping analysis
Table 7.4.4 shows the characteristics and number of mutations found in the RT and PR 

regions. In 204 patients (88.7%), no mutation was found in the RT region.
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Table 7.4.4 (a) Mutations in the reverse transcriptase region related to resistance to RT
inhibitors in the study population

Mutations Patients (%)

None 204 (88.7)
M41L 1 (0.4)
M41L T215Y 1 (0.4)
A62V 1 (0.4)
D67N T69D 1 (0.4)
D67N K70R V106A 1 (0.4)

K70E/R 2 (0.9)
K70R V106A 1 (0.4)
V75L 1 (0.4)
A98G 1 (0.4)
A98G L210W 1 (0.4)
K101E 2 (0.9)
K103R 2 (0.9)
V I061 3 (1.3)
V I081 1 (0.4)
V179D 3 (1.3)
Ml 84V 1 (0.4)
L210W 1 (0.4)
K219Q 2 (0.9)
Total 230 (100.0)

Of 26 patients (11.3%) with mutation(s) in the RT region, 21 (9.1%) had one mutation; 

of these, 9 (3.9%) were NRTI mutations, and 12 (5.2%) were mutations related to 

NNRTI. Two mutations were found in 4 patients (1.7%); two of these carried NRTI- 

related mutations (codons 41+215 and codons 67+69), while the other 2 carried mixed 

NRTI/NNRTI mutations (codons 70+106 and 98+210). Only 1 patient had three 

mutations in the RT region (codons 67+70+106, Table 7.4.4 (a)). Regarding the 

protease region (Table 7.4.4 (b)), 50 patients (21.7%) had no mutations, 101 patients 

(43.9%) had single mutations, 70 (30.4%) had two mutations, 7 (3.0%) had three, and 

2  (0.9%) had four mutations. Overall, 2  of 230 patients had primary mutations at 

position 82 (neither with accompanying secondary mutations); two other patients had 

mutations at codon 46. All the other patients had only secondary mutations at codon 

10 (28 pts, 12.2%), at codon 36 (40 pts, 17.4%), at codon 63 (122 pts, 53.0%), at 

codon 71 (16 pts, 7.0%), and/or at codon 77 (58 pts, 25.2%). Two patients (0.9%) had 

mutations at other positions (20 and 33).
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Table 7.4.4 (b) Mutations in the protease region related to resistance to protease
inhibitors found in the study population

Mutations Patients (%)
None 50 (21.7)

L10F/IA/ 8 (3.5)
L10IA/ M36I 5 (2 .2 )
L10V M36I V77I 1 (0.4)

L10IA/ L63PA/ 9 (3.9)
LI 01 L63P A71T V77I 1 (0.4)
L10V L63P V77I 1 (0.4)
LI 01 A71T 2 (0.9)
LI OF V77I 1 (0.4)
K20R L63P A71V V77I 1 (0.4)
L33F 1 (0.4)
M36I 16 (7.0)
M36I L63P 13 (5.7)
M36I L63P A71T 1 (0.4)
M36I L63P V77I 2 (0.9)
M36I A71T 2 (0.9)
M46V L63P 1 (0.4)
M46L A71V 1 (0.4)
L63P 56 (24.3)
L63P A71V/T 4 (1.7)
L63P A71V/T V77I 2 (0.9)
L63P V77I 31 (13.5)
A71T 1 (0.4)
A71V V77I 1 (0.4)
V77I 17 (7.4)
V82I 2 (0.9)
Total 230 (1 0 0 .0 )

The prevalence of mutations in the protease and RT regions was similar in chronically- 

versus recently- infected patients. One patient carried the Ml84V in the RT and he/she 

was a recently infected patient. Finally, 4 patients had NRTI plus PI mutations, and 2 

had NNRTI plus PI mutations (data not shown).

Prognostic value of resistance test
A total of 60 out of 230 patients had viral loads >500 copies/mL at week 24 from 

HAART initiation as defined using the DAP protocol and the DAE definition of 

virological failure. The week 24 median plasma viral load in failing patients was 3,700 

copies/mL (IQR: 1,400-9,798). The overall prevalence of virological failure was 26.1% 

(60/230 patients). Of these, 54 (90%, 95% 01:79.5-96.2) had no mutations in the RT 

region at baseline, 4 (6.7%, 95% 01:1.8-16.2) carried one mutation (K101E, Ml84V, 

V I061, V I081), and 2 (3.3%, 95% 01:0.4-11.5) two mutations (A98G/L210W and 

K70R/V106I). The patient carrying three mutations in the RT region had not
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experienced virological failure at week 24. Thus, the rate of failure in patients carrying 

RT mutations (6/26, 23.1%) is similar to that found in patients not carrying these 

mutations (54/204, 26.5%, chi-squared test p=0.71).

Regarding the PR region, 13/60 patients (21.7%) experiencing virological failure had 

no mutations at baseline. Twenty-two (36.7%) carried one mutation (at codons 10, 33, 

36, 63, 77, or 82); 21 (35%) carried two mutations (at codons 10 +36, 10+63, 10+77, 

36+63, 36+71, or 63+77); three mutations were present in 3/60 (5%) patients (at 

codons 36+63+77, 36+63+71, or 63+71+77), and 4 in one patient (1.7%) 

(10+63+71 +77). Thus, the rate of failure in patients carrying mutations in the PR region 

(47/180, 26.1%) was no different to that found in patients not carrying these mutations 

(13/50, 26.0%, chi square p=0.99).

The potential association between virological failure and the number of mutations 

present at baseline in the RT and PR regions was next investigated. The proportion of 

patients with viral loads >500 copies/mL at week 24 was 26.5% (n=54) in patients with 

no mutations in the RT region, 19.1% (n=4) in patients with one such mutation, 50.0% 

(n=2 ) in patients with two mutations, and 0 .0 % in patients with three mutations 

(Fisher’s exact test p-value=0.55). The proportion of patients with virological failure at 

week 24 was 26.0% (n=13) in patients with no mutations in the PR region, 21.8% 

(n=2 2 ) in patients with one PR mutation, 29.0% (n=20) in patients with two mutations, 

57.1% (n=4) in patients with three, and 50.0% (n=1) in patients with four PR mutations 

(Fisher’s exact test p-value=0.38). Thus, no significant association was found between 

virological failure and the number of mutations present in either the RT or PR region. 

The role of primary mutations in the PR in predicting the risk of virological failure at 

week 24 was then investigated separately. One of the two patients with the V82I 

mutation experienced virological failure, while the two patients with mutations at codon 

46 did not experience failure. The risk of virological failure was higher in patients who 

carried a mutation at codon 10 (12/28, 42.9%, L I01 in eight cases, L10V in three 

cases, and L10I/V in one case) than in those who did not carry such mutations 

(48/154, 23.8%, chi-squared test p=0.03). Similarly, this risk was 15/40 (37.5%, 

p=0.07) in those with mutation M36I, 27/122 (2 2 .1 %, p=0.15) in those with mutation 

L63P, 5/16 (31.3%, p=0.63) with mutation A71T, and in 16/58 (27.6%, p=0.76) with 

mutation V77I. In patients carrying more than one mutation in the protease region, 

those carrying mutations at both codons 10 and 36 had the highest rate of failure at 

week 24 (4/6, 6 6 .6 %, Fisher’s exact test p=0.04).

The odds ratios of virological failure at 24 weeks according to the number of mutations 

in each region (RT and PR) were calculated using a logistic regression model. The 

analysis was adjusted for the potential confounding effect of pre-HAART viral load.
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CD4 count, and number of mutations in the RT region. The upper part of Table 7.4.5 

shows these results. None of the pre-therapy HIV RNA or CD4 counts, the number of 

RT mutations (OR=0.96, 95% 01:0.47-1.97, p=0.91), and PR mutations (OR=1.25, 

95% 01:0.87-1.78, p=0.22) showed any significant association with the outcome. Then, 

the individual prognostic value of five secondary mutations in the protease region (at 

codons 10, 36, 63, 71, and 77), for which the overall prevalence in this group of 

patients was greater than 5% was investigated. The results of this analysis are shown 

in the lower part of Table 7.4.5. Oodon 10 was the only mutation that showed a 

significant association at the 0.05 level with the chance of virological failure at week 24 

both in univariable and multivariable analysis adjusted for pre-therapy HIV RNA and 

CD4 counts and for the number of RT mutations (OR=2.39, 95% Cl: 1.04-5.50, 

p=0.04). The stepwise regression procedure identified mutations at codons 10 and 36 

as the model with the best fit to the data (the p-value for the likelihood ratio test 

comparing the model with the mutation at codon 1 0  alone and for the model including 

the mutations at both codons 10 and 36 was p=0.07). The strongest association with 

the outcome was achieved when a covariate counting the number of mutations at 

codons 10 and 36 (i.e. a variable taking values 0=neither mutations, 1=one mutation at 

codon 10 or 36, 2=both mutations) was fitted in the model. Indeed, after controlling for 

pre-therapy HIV RNA and CD4 counts, and the number of mutations in the RT region, 

the risk of week 24 virological failure in patients with either mutation 10 or mutation 36 

before beginning a Pl-containing HAART regimen was double that of patients with 

neither of these mutations at baseline (adjusted OR=2.09, 95% 01:1.22-3.59, p=0.008). 

This risk was 4.4 times higher when comparing patients with both the 10 and 36 codon 

mutations (n=6 ) with those with neither of these mutations. The predictive value of this 

covariate persisted (adjusted OR=2.58, 95%CI: 1.31-5.08, p=0.006) even after 

excluding patients who started saquinavir-containing regimens (n=64).
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Table 7.4.5 Odds ratios of virological failure at 24 weeks from fitting a logistic regression analysis

Crude OR Adjusted OR Adjusted OR Adjusted OR Adjusted OR Adjusted OR Adjusted OR Adjusted OR
Pre-therapy viral load 1.37 1.31 1.34 1.27 1.28 1.29 1.30 1.31
Per log coples/mL higher (0.88-2.14) (0.81-2.12) (0.83-2.18) (0.79-2.05) (0.79-2.08) (0.80-2.08) (0.81-2.10) (0.81-2.12)

p=0.16 p=0.27 p=0.23 p=0.33 p=0.31 p=0.30 p=0.28 p=0.28
Pre-therapy CD4 count 0.92 0.96 0.97 0.96 0.95 0.95 0.95 0.98
Per 100 cells/nl higher (0.80-1.06) (0.83-1.11) (0.84-1.13) (0.83-1.11) (0.81-1.10) (0.82-1.10) (0.82-1.10) (0.84-1.13)

p=0.24 p=0.59 p=0.69 p=0.56 p=0.45 p=0.49 p=0.49 p=0.76
No. of RT mutations 0.99 0.96 0.95 0.98 0.92 0.94 0.95 0.98
Per additional mutation (0.49-2.02) (0.47-1.97) (0.46-1.94) (0.48-1.99) (0.45-1.87) (0.46-1.93) (0.47-1.95) (0.48-2.01)

p=0.98 p=0.91 p=0.88 p=0.95 p=0.82 p=0.87 p=0.90 p=0.96
No. of PR mutations 1.26 1.25
Per additional mutation (0.89-1.79) 

p=0.19
(0.87-1.78)

p=0.22
PR 10 2.41 

(1.07-3.44) 
p=0.03

2.39 
(1.04-5.50) 

p=0.04
PR 36 1.93

(0.94-3.98)
p=0.07

1.84
(0.89-3.82)

p=0.10
PR 63 0.64

(0.36-1.16)
p=0.14

0.64 
(0.35-1.56) 

p=0.14
PR 71 1.32

(0.44-3.99)
p=0.62

1.31
(0.43-3.96)

p=0.64
PR 77 1.11

(0.57-2.17)
p=0.76

1.15
(0.59-2.26)

p=0.69
No. PR 10/36 2.14 2.09
Per additional mutation (1.26-3.65) 

p=0.005
(1.22-3.59)

p=0.008

s

Virological failure was defined as having a viral load >500 coples/mL In a window ranging from week 16 to week 32 of initiation of therapy followed by another value
>500 coples/mL (confirmed failure) - Number of mutations were fitted as continuous covariates
The covariate number of PI mutations was not Included In the multivariable model when evaluating a specific PR codon



7.4.3 Interpretation

Data reported in this study show that the presence of some secondary mutations at 

baseiine in the protease region appears to increase the risk of virological failure at 24 

weeks in chronically infected, antiretrovirai-naïve patients treated with Pl-containing 

HAART regimens.

When PR secondary mutations were individually considered in a logistic regression 

model, a mutation at codon 1 0  was the only position significantly associated with 

virological failure at week 24 (p=0.04). However, as five mutations were tested for 

significance, it is not possible to rule out that this result is only due to multiple testing. 

Indeed, five independent tests (one for each mutation) have been carried out, each 

with a probability {p} of producing a spurious false-positive result. The Bonferroni- 

adjusted significance level required in an experiment with 5 groups and (5 x 4)/2 = 10 

possible pair-wise comparisons is a  = 0.05/10 =0.005. When mutations at codons 10 

and 36 - identified as the most predictive using a stepwise regression procedure - were 

counted as number of PR mutations, there was a much stronger association with the 

outcome but still not quite reaching this significance level (p=0.008). Patients with 

either mutation were at twice the risk of experiencing virological failure at week 24 than 

patients with neither mutation. This increased risk remained significant even after 

adjusting for the confounding effect of pre-therapy viral load and CD4 cell count and 

the number of mutations in the reverse transcriptase region. Results were similar after 

excluding the 64 patients treated with hard-gei saquinavir, a drug known to be less 

effective than other PI due to its poor absorption^

Two patients carried an atypical primary mutation at PR position 82 (V82I rather than 

the classical A/T/F), unaccompanied by secondary PR mutation. One of them 

experienced virological failure.

This result is not surprising, since primary mutations within the protease region are 

known to predict virological failure in patients already treated with Pl-containing 

regimens®® ’̂®̂ . On the other hand, the low prevalence of primary mutations in this 

population of antiretrovirai-naïve patients suggests that the clinical relevance of this 

finding is probably limited.

To my knowledge, the present study is the first to suggest a role of secondary 

mutations in the PR region in yielding prognostic information over and above that 

gained through current standards of care in antiretrovirai-naïve patients. A study by 

Bossi and colleagues reported data from a small cohort of 58 PI-naïve patients®®®. This 

study found no correlation between therapeutic outcome and mutations present at 

baseline in the PR region; however, given the limited number of patients carrying 

mutations at positions 10 and/or 36 in their cohort, this may be due to lack of power.
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Conversely, another study examined the role of secondary protease mutations in 

predicting virological response to saquinavir/ritonavir-containing regimens in patients 

who had previously experienced failure with a Pl-containing regimen^. Results 

revealed that mutations at codon 1 0  were highly predictive of virological failure at 1 2  

weeks, that mutations at codon 71 were slightly predictive, and that mutations at codon 

63 were not predictive (mutations at codon 36 were not considered in the analysis). In 

addition, secondary PR mutations significantly added to the prognostic value of primary 

PR mutations^"^. All of these results concur with those found in this analysis.

The mechanism(s) by which these secondary mutations affect therapeutic outcome 

needs clarification. In vitro studies show that single secondary mutations in the 

protease region do not directly decrease virus susceptibility to protease inhibitors; 

conversely, in in vitro resistance development, secondary mutations contribute to 

increase the replicative capacity of virus strains carrying primary mutations®®®’®̂ "̂®̂ . In 

line with this hypothesis, mutation LI 01 in the protease region is strictly required for the 

replication of virus strains carrying primary mutations G48V and V82A in the 

protease®^. It is therefore conceivable that the same mechanism operates in vivo, and 

that the presence of mutations at positions 10 and/or 36 favours the selection of strains 

carrying primary mutations with adequate fitness to replicate and outgrow wild type 

virus in the presence of antiretroviral drugs.

There was no correlation between the presence of overall RT mutations at baseline 

and therapeutic outcome in this study. As none of these patients were treated with 

NNRTI, the mutations related to NRTI resistance have been analysed separately. It 

may be noted that the association with viral response was not significant (data not 

shown). One possible explanation for this finding relates to the scarcity of patients 

carrying at least one NRTI mutation (6 %). In addition, it should be considered that 

some of these mutations do not confer a dramatic level of NRTI resistance. Indeed, 

only one patient carried a mutation at codon 41 plus T215Y, conferring substantial 

resistance to zidovudine®"̂ "®̂ .̂ Another patient carried a Ml84V mutation conferring full 

resistance to lamivudine®^, while a third patient carried a T69D mutation conferring 

resistance to ddC®^. All other NRTI mutations found in these patients are important 

only when combined with other mutations which, however, were not detected in this 

study®̂ ®'®̂ '̂®̂ ; this is the case, for example, of A62V and V75I mutations that confer 

multi-drug resistance only if Q151M is also present. Finally, it is unclear whether the 

role of RT mutations in decreasing the efficacy of HAART regimens is less relevant 

than that clearly demonstrated in mono or dual therapy®®®®̂ ®'*̂ '®̂ '®®®'®®̂ . Consistent 

with this hypothesis, it has been shown that mutations conferring resistance to 

zidovudine do not fully preclude a therapeutic response in zidovudine-experienced
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patients treated with HAART regimens®^. Thus, further analyses of larger cohorts are 

required to clarify this point.

There are some potential limitations to the study design that should be considered; first 

of all, the large variability in the time of the “24-week” endpoint measurement used, and 

the different tests used to assess viral load, may create imprecision in the estimate of 

virological failure. However, a “time to virological success” analysis using a 

multivariable proportional hazards Cox model has been also performed. This analysis 

confirmed that the probability of reaching a viral load ^500 copies/mL was lower in 

patients carrying mutations at codons 10 or 36 of the PR region compared to patients 

who did not carry these mutations (adjusted RH = 0.67 per additional mutation at 

codons 10 or 36, 95% 01:0.49-0.92, p=0.01, data not shown). This analysis was 

stratified by infectious disease clinic, so that any bias due to different laboratories used 

should be minimised. Therefore, this analysis is an example of a situation in which 

consistent results were obtained using two of the approaches described in chapter 2  to 

define the virological outcome. The fact that similar results were obtained irrespective 

of the definition of the virological endpoint suggests that a real effect may exist.

A second relevant limitation of this study is the lack of genotypic testing of the week 24 

specimens in patients who experienced virological failure to assess the extent of new 

emerging mutations during therapy.

The results of this analysis may have relevant clinical implications in terms of public 

health, especially concerning the potential use of resistance testing at time of initiation 

of primary antiretroviral therapy. In fact, as already mentioned, clear recommendations 

regarding the use of such tests in antiretroviral-naive patients before starting treatment 

are still pending^^. These data showed a statistically significant correlation between 

virological outcome and secondary mutations at codons 10 and/or 36. As reported in 

section 7.2 these mutations are present in about 28% of chronically infected 

antiretrovirai-naïve patients in Italy. Therefore, these data seem to be in agreement 

with the recent recommendations that full sequence genotyping, at least of the 

protease region, in drug-naive patients before initiation of antiretroviral treatment with 

Pl-containing HAART regimens should be maybe considered. In support of these 

findings two recent studies have shown a strong association between transmitted drug 

resistance and virological response to HAART in recently infected patients®®®’®®"̂.

7.5 HIV drug susceptibility and treatment response to mega-HAART 

regimens in patients of UNIF
Patients with multi-drug resistant HIV are one of the hardest to treat populations and 

the best treatment strategy for these individuals remains unclear. Antiretroviral
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treatment in patients having previously undergone multiple drug regimens has been 

shown to be less effective than in individuals starting the same regimen for the first 

time'^^ ’̂®®®. In the setting of pre-treated patients, HIV drug resistance has been 

associated with virologie failure in numerous studieŝ ®®'̂ ®̂  ®®̂ and multi-drug resistance 

has been reported to occur frequently®®®. Drug resistance severely limits future 

treatment options. It is possible that additional factors, such as cellular resistance 

developing over the previous treatment periods, may also play a role in inferior 

responses to third or fourth-line regimens®®̂ ®®®. Furthermore, patients with extensive 

pre-treatment may have developed toxicity that precludes the prescription of some 

medications. These same individuals may also be the least adherent patients. One 

possible approach is to combine the maximum number of tolerated drugs in a patient. 

This type of regimen has often been called "mega-HAART", and in this section will be 

defined as a regimen consisting of 6  or more drugs. It has been shown that such a 

regimen can induce virologie suppression in patients with drug resistant HIV®̂ .̂ One 

possible explanation for this finding is that the total antiretroviral activity is maximised 

by increasing the number of individual agents as well as taking advantage of 

synergistic activities and increased drug levels due to pharmacokinetic 

interactionŝ ®'®®®'®®®.

In the previous section the relationship between drug resistance measured using 

genotypic testing before the initiation of therapy and virological outcome of HAART was 

investigated in a subset of the I.Co.N.A study. In this section the prognostic value of 

phenotypic resistance testing for predicting virological response to mega-HAART 

therapy is investigated in a cohort of heavily pre-treated patients enrolled in UNIF. In 

particular, whether the baseline viral phenotype provides information independent of 

baseline viral load and pre-treatment history was determined.

7.5.1. Patients and methods

All patients from UNIF who received treatment with a minimum of 6  drugs and for 

whom a sample for baseline viral phenotyping was available, were included in this 

analysis. Baseline was defined as the date of starting mega-HAART. The virologie 

endpoint was binary, defined as having a viral load ^500 copies at week 24 (or week 

24 window, see standardized data analysis plan in section 2.3.2). Ritonavir was 

counted as an individual drug regardless of the dosage used.

Phenotypic testing
Like in previous section 7.3, viral drug susceptibility was measured using a 

recombinant virus assay based method -  the Antivirogram "̂^®^®. Resistance was
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expressed as fold increase in IC50 compared with the wild-type control for each 

experiment. Two cut-offs were used for the analyses: 4-fold increase in I C 5 0  and 10- 

fold increase in I C 5 0 .  Viral drug susceptibility was measured retrospectively from 

plasma samples stored over the 24 weeks preceding the date of initiation of mega- 

HAART. Again the cut-offs of 4-fold and 10-fold were used for each drug instead of the 

recently introduced drug specific cut-offs.

Statistical anaiysis
The standardised data analysis plan (DAP) guidelines were followed closely for this 

analysis (see section 2.3.2 for details). Patients were considered not to be on the 

original study regimen if they stopped all drugs, or if they added at least one new drug 

to the original mega-HAART regimen. Patients who stopped all treatments or added 

one drug before 16 weeks were included in the “discontinuations as failure” (DAF) 

analysis (classified as having experienced virologie failure). These patients were 

excluded in the “discontinuations as excluded” (DAE) analysis. In contrast, patients 

who reduced treatment but did not discontinue all drugs were retained in the study. 

The logistic regression model included the following variables: baseline viral load, 

number of new drugs in treatment regimen, total phenotypic sensitivity score (number 

of drugs in regimen to which the virus population was susceptible), nucleoside reverse 

transcriptase inhibitor phenotypic sensitivity score, and protease inhibitor phenotypic 

sensitivity score. The latter two scores refer to the number of drugs within this class in 

the patients' regimen to which the virus population was sensitive. The phenotypic 

sensitivity score was defined as the number of drugs in the regimen with a resistance 

value less than 4-fold, or less than 10-fold, depending on the definition used.

7.5.2 Results

Ninety-two patients who started ^ 6  drugs simultaneously were identified. Fifty of these 

met the other criteria for inclusion: a viral load data point recorded within the week 24 

window as required by the DAP and a stored baseline plasma sample for drug 

susceptibility analysis.

The baseline characteristics are described in Table 7.5.1. The patient population was 

relatively advanced (median CD4 cell count: 95 cells/pl) with a median viral load of 

5.52 logio copies/ml. Pre-treatment was extensive, with a median time on HAART 

(receiving three or more drugs simultaneously) of 18 months.
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Table 7.5.1 Study population: baseline characteristics

Characteristic Median Range
HiV virai ioad
(logio copies/mL) 5.52 3.40-6.70
CD4 count
(Cells/pl) 95 2-587
Time on HAART
(months) 18.3 1.7-53.5

Table 7.5.2 shows the previous antiretroviral treatments divided into no exposure (less 

than one week), minimal exposure (1 week to 1 year) and extensive exposure (more 

than one year). The patient population was heavily pre-treated in all three drug 

classes. The treatment history reflects the calendar year of specific drug initiation, with 

very few patients (6 %) having received abacavir for more than one week, whereas all 

patients had received lamivudine for more than one week. There was no previous 

exposure to delavirdine, efavirenz, saquinavir (soft-gel) or amprenavir in this patient 

population.

Table 7.5.2 Summary of previous ART*

Duration of exposure
<1

Drugs n % n % n %
Zidovudine 2 4.0 1 0 2 0 . 0 38 76.0
Zalcitabine 2 1 42.0 2 2 44.0 7 14.0
Didanosine 16 32.0 23 46.0 1 1 2 2 . 0

Stavudine 5 1 0 . 0 27 54.0 18 36.0
Lamivudine 0 0 . 0 13 26.0 37 74.0
Abacavir 47 94.0 3 6 . 0 0 0 . 0

Loviride 44 8 8 . 0 1 2 . 0 5 1 0 . 0

Tivirapine 49 98.0 1 2 . 0 0 0 . 0

Nevirapine 17 34.0 30 60.0 3 6 . 0

Saquinavir 14 28.0 28 56.0 8 16.0
Indinavir 13 26.0 28 56.0 9 18.0
Ritonavir 2 2 44.0 2 0 40.0 8 16.0
Nelfinavir 33 6 6 . 0 17 34.0 0 0 . 0

HAART 0 0 . 0 5 1 0 . 0 45 90.0
*no previous exposure to delavirdine, efavirenz, saquinavir (soft-gel), and amprenavir in 
this patient population

Baseline drug susceptibility

The proportion of patients with viruses resistant to each drug at the 4-fold and 10-fold 

cut-off level is shown in Figure 7.5.1. 65% of patients had viruses with resistance to 

zidovudine and 82% with resistance to lamivudine (4-fold cut-off).
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Cross-resistance to abacavir at the 4-fold level was relatively frequent (54%), with 8 % 

showing >10-fold resistance to abacavir. Resistance to non-nucleoside reverse 

transcriptase inhibitors ranged from 40 to 70% (4-fold) and 35% to 70% (10-fold cut

off). For protease inhibitors, resistance at the 4-fold level ranged from 52% to 6 6 %, and 

at the 10-fold level, from 32% to 52%.

Using a 4-fold increase in IC50 as a definition of resistance, 15 (30%) patients had 

viruses that were resistant to one drug class (in their regimen), 23 (46%) had viruses 

that were resistant to two drug classes, and 16 (32%) had viruses that were resistant to 

all three drug classes. If resistance was defined as a 1 0 -fold increase in I C 5 0 ,  the 

corresponding values were 9 (18%), 20 (40%) and 13 (26%), respectively. Of the 50 

patients, 17 (34%) were treated with one drug that their virus population was sensitive 

to (using the 4-fold definition), 16 (32%) with 2-3 drugs, 11 (22%) with 4-5 drugs and 5 

(1 0%) with ^ 6  drugs to which their virus population was sensitive. One patient carried a 

virus that was 4-fold resistant to all the drugs in the mega-HAART regimen.

Table 7.5.3 Drugs received in the original mega-HAART regimen

n %
Number of drugs
6 27 54.0
7 18 36.0
8 4 8 . 0

9 1 2 . 0

Drugs
Zidovudine 24 48.0
Zalcitabine 1 1 2 2 . 0

Didanosine 42 84.0
Stavudine 2 2 44.0
Lamivudine 50 1 0 0 . 0

Abacavir 1 1 2 2 . 0

Delavirdine 5 1 0 . 0

Nevirapine 24 48.0
Efavirenz 1 2 . 0

Saquinavir hard gel 2 0 40.0
Saquinavir soft gel 6 1 2 . 0

Indinavir 24 48.0
Ritonavir 47 94.0
Nelfinavir 42 84.0
PI 50 1 0 0 . 0

NNRTI 30 60.0
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Figure 7.5.1 : Baseline drug susceptibility: proportion of patients with viruses resistant to each drug at the 4-fold and 10-fold cut-off level.
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On-treatment drugs
Table 7.5.3 lists the drugs included in the treatment regimen. Ninety percent of the 

patients received 6 or 7 drugs, and 10% received at least 8 drugs. All patients 

received at least one PI and almost all patients (47/50 or 94%) received ritonavir. Ten 

patients received two, and 38 patients received 3 protease inhibitors. NNRTIs were 

prescribed for 60% of the patients. In terms of NRTIs, all patients received lamivudine, 

approximately half with zidovudine and half with stavudine. Didanosine was prescribed 

in 84% of cases.

In terms of new drugs, 6 (12%) did not receive any new drugs, meaning that these 

patients started a mega-HAART combination which included all drugs that they had 

already experienced before. The number of patients receiving 1 new drug was 12 

(24%), 2 new drugs was 15 (30%), 3 new drugs was 8 (16%), 4 new drugs was 6 

(12%) and 5 new drugs was 3 (6%).

Follow-up
The median length of follow-up on the original mega-HAART regimen was 31.4 weeks 

(range 0.6 - 98.7). Before week 16, 29 patients interrupted the mega-HAART regimen. 

Eight patients met the chosen definition of “drop out” (4 stopped all drugs and 4 added 

one drug) and were treated accordingly in the DAE and DAF analyses. Twenty-one 

patients simplified their regimen without stopping all the drugs (the majority - 14/21 

dropping one drug) and they have been considered still on treatment at the time week 

24 viral load was measured.

Treatment response
The median maximal change in CD4 cell count was an increase of 107 cells/pl (range 

10-389). CD4 cell counts were available for 25 patients within the week 24 window 

period, and the median change at this time point was an increase of 40 cells/pl over 

baseline (range: -111 to 120). The median maximal change in viral load was a 

decrease of 2.64 logio copies/ml (range: -5.37 to 0.79) compared to baseline. At week 

24 (window period), the median overall change was -1.37 logio copies/ml (range: -  

5.37 to 0.79).

Using the standardised data analysis plan definition, where drop-outs were classified 

as failures (DAF), 39 patients experienced virologie failure. In the analysis in which 

drop-outs were excluded (DAE), 8 patients were excluded and 31 patients experienced 

virologie failure.

Several logistic regression models were considered, including baseline viral load and 

the number of new drugs in the regimen as potential confounders. Resistance was
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considered in terms of total phenotypic sensitivity score, as well as the NRTI sensitivity 

score or the PI sensitivity score. All models included resistance were run using a cut-off 

definition of 4-fold, and repeated using a cut-off definition of 10-fold.

Figure 7.5.2 illustrates the odds ratios for each of the covariates in a univariable 

analysis. In the DAF analysis, baseline viral load (OR=2.17, p=0.05), total phenotypic 

sensitivity score based on 4-fold cut-off values (OR=0.46, p=0.0002), total phenotypic 

sensitivity score based on 10-fold cut-off values (0R= 0.47, p=0.007), PI phenotypic 

sensitivity score based on 4-fold cut-off values (OR=0.55, p=0.04) and PI phenotypic 

sensitivity score based on 10-fold cut-off values (OR=0.43, p=0.03) were significantly 

associated with virologie failure at week 24. Very similar results were obtained when 

patients with changes in treatment regimen were excluded (DAE). Four different 

multivariable models have been evaluated (Figures 7.5.3 and 7.5.4). The first two 

considered baseline viral load, number of new drugs and the phenotypic sensitivity 

score. In the DAF analysis, baseline viral load remained significantly associated with 

virological failure after adjustment (OR=4.00, p=0.03 or OR=3.10, p=0.03), as did the 

total phenotypic sensitivity score, regardless of whether a 4-fold (OR=0.35, p=0.0003; 

Figure 7.5.3 A) or 10-fold (OR=0.39, p=0.007; Figure 7.5.3 B) cut-off definition of 

resistance was used. These results did not change in the DAE analysis.

In the next two models, baseline viral load, number of new drugs, NRTI phenotypic 

sensitivity score and PI phenotypic sensitivity score, again, using 4-fold and 10-fold 

cut-off definitions of resistance were included. In these latter two models, only PI 

phenotypic sensitivity score was significantly associated with virologie failure, with an 

OR of 0.50 (p=0.03) using the 4-fold cut-off values (Figure 7.5.4 A) and an OR of 0.39 

(p=0.03) using the 10-fold cut-off definition (Figure 7.5.4 B). As with the other models, 

both DAF and DAE analyses yielded very similar results.
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Figure 7.5.2 Odds ratio of virological failure for each of the covariates from fitting univariable logistic regression models
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Figure 7.5.3 Multivariable analysis: odds ratio of virological failure considering baseline viral load, number of new drugs and phenotypic sensitivity score
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Figure 7.5.4 Multivariable analysis: odds ratio of virological failure considering baseline viral load, number of new drugs, 
NRTI phenotypic sensitivity score and PI phenotypic sensitivity score
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7.5.3 Interpretation

In this retrospective analysis based on a relatively small, extensively pre-treated, 

patient population, viral susceptibility at baseline was strongly associated with 

virological outcome on a multi-drug salvage regimen. For each additional "sensitive 

drug" in the regimen, the odds ratio of virological failure was reduced by approximately 

60%, independent of baseline viral load and number of new drugs in the treatment 

regimen. Thus, phenotypic resistance testing yielded prognostic information over and 

above that available through current standard of care (viral load, treatment history).

The importance of performing this analysis using data from an observational database 

is that the findings reflect a clinical population as encountered in daily clinical practice. 

Indeed, in UNIF there are no restrictions as to prior treatments, nor restrictions on 

choice of follow-up medications, as is frequently the case in patients meeting entry 

criteria for clinical trials. Thus, the distribution of covariates such as number of new 

drugs was such as to allow the incorporation of this parameter in the analyses.

Baseline viral load also retained a significant, independent association with virologie 

outcome in most of the models presented, whereas the number of new drugs was not 

significant in any of the models. The latter may be due to the fact that cross-resistance 

due to extensive pre-treatment played a strong role in the virological outcome within 

this patient population.

Of interest, defining resistance as either a 4-fold or a 1 0 -fold increase in I C 5 0  did not 

make much difference to the outcome of the analysis. It should be noted that, in this 

study, most patients received ritonavir in combination with other protease inhibitors, 

thus high plasma levels of protease inhibitors are to be expected (although it was not 

possible to investigate this particular parameter in this retrospective study) in 

comparison with single protease inhibitor treatments. This may also explain in part why 

protease inhibitor resistance and not nucleoside reverse transcriptase inhibitor 

resistance was associated with outcome when individual drug class susceptibility was 

adjusted for. In another study, not performed in a mega-HAART setting but evaluating 

the response to dual PI regimens (including ritonavir and saquinavir), a 4-fold increase 

in IC50 to either drug appeared sufficient for compromising virologie response^®\ 

although a direct comparison with a 1 0 -fold increase based definition of resistance was 

not undertaken. Harrigan and colleagues also reported that resistance to PI, but not 

NRTI was associated with virological failure^^\ The lack of significant association 

between reduced susceptibility to NRTIs and treatment outcome may also be related to 

factors such as longer pre-treatment periods with this class of drugs and unexplained 

mechanisms of virologie failure for some drugs, such as stavudine.
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other studies have assessed resistance as defined by viral genotype and found 

significant associations with virologie outcome, but few studies have compared both 

methods of assessing resistance^^  ̂ ,s84,66o yy^ether one is better suited to the other 

may depend on the extent of resistance (i.e., how complex are the genotypic patterns 

and the capacity to predict phenotypic resistance from the genotype). Patients with 

multiple treatment failures may have virus populations with very complex genotypic 

patterns, which may make the interpretation of genotypic results difficult. It will be of 

interest to analyse the genotypes in this population and to evaluate this method of 

resistance assessment with the method presented here.

Mega-HAART regimens are not standardised and, although presented as possible 

options for the treatment of patients with multiple treatment f a i l u r e ^ , 

they are complex to manage. A pharmacokinetic interaction analysis of such multi-drug 

combinations has not been carried out, thus the possibility of positive or negative drug 

interactions cannot be ruled out. Currently, there appears to be some evidence that it 

may be better to wait a few weeks, allowing the viral load to rebound in the absence of 

drug selective pressure and closely monitoring the CD4 count, before restarting a 

salvage treatment after failure with a multi-drug resistant virus®®\ As far as toxicities 

are concerned, they need to be managed at an individual level, and regimen 

reductions are frequently required. In this study, 21 patients simplified the regimen 

without stopping all the drugs before week 16 but they were still considered as on 

treatment in the analysis; however, the majority (n=14, 66.7%) dropped only one drug 

and as the proportion of patients experiencing virological failures was similar in 

patients who simplified compared to those who did not simplify (chi-squared p=0.26 in 

the DAF analysis and p=0.16 in the DAE analysis), this fact is unlikely to negate the 

conclusions relating to the association of baseline resistance and treatment outcome. 

This being a retrospective analysis of a non-intervention based study, it does not 

absolutely prove the utility of resistance testing when used in patient management. 

However, several studies have shown results indicating that resistance testing, when 

incorporated into treatment management in addition to standard-of-care, may have 

positive influences on the virological response to a new treatment regimen in pre

treated patientŝ ®®’̂ ^’̂ "*®’̂ ®®. These data, however, do support the concept of using 

resistance testing in clinical practice.

7.6 Summary of chapter and general comments
Prevalence and prognostic value of resistance acquired while receiving therapy
An important point highlighted by one of the analyses presented in this chapter is that, 

in the reality of clinical practice, drug resistance may not be present in all patients who
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experienced virological failure on therapy. This was the case in a population of heavily 

pre-treated patients of UNIF and would be even more so in populations of patients 

failing their first HAART. Recent estimates from the I.Co.N.A. study suggest that up to 

40% of patients did not have a single primary mutation to any of the drugs previously 

received at the time of their first confirmed virological failure (data not shown in this 

thesis). These findings are very important as they suggest that there may be a large 

proportion of patients in “real life” that have experienced virological failure purely 

because they are unable or unwilling to take the drugs.

As far as the prognostic value of drug resistance acquired on therapy, the analysis of 

UNIF data has emphasised that in heavily pre-treated patients, phenotypic testing may 

be crucial for guiding the next antiretroviral treatment. However, it should be noted that, 

overall, the randomised trials conducted so far to compare drug-resistance guided 

treatment choice with the standard of care have found a difference of 0.5 logio 

copies/mL of viral load by week 24 between these two arms^^®’̂ ®̂’̂ ®®. Thus, the 

observed reduction in viral load in these trials was not large. The fact that there is no 

agreement yet regarding how genotypic and phenotypic test results should be 

interpreted and the lack of data to determine clinical cut-offs may partly explain this 

finding. Thus, in the analysis in section 7.5 the cut-offs of 4-fold and 10-fold have been 

used. Whilst these cut-offs say something about the susceptibility of the virus to a 

certain drug in vitro, not necessarily these cut-offs best predict the virological response 

to those drugs. Indeed, for example, mutations M184V/I cause a low increase of the 

ICso for abacavir®®̂  but seems to have little impact on the virological response to 

abacavir-containing regimens®®®'®®̂ .

There may be also other reasons why the virological benefit of resistance testing- 

guided treatment decisions in some pre-treated study populations is very small and 

short term̂ ®®’̂ ®®. This may be due to the fact that the study population in these more 

recent trials was not so heavily pre-treated and that a new regimen including many 

active drugs could be chosen by an experienced clinician without using the aid of 

resistance testing. Another possible explanation for the discrepancy between the 

results of the study by Meynard and colleagues and those of the other trials may be the 

fact that a higher proportion of patients allocated to standard of care had previously 

experienced virological failure on a nelfinavir-based therapy. Indeed, the D30N 

mutation associated with reduced susceptibility to nelfinavir is less likely to cause cross 
resistance to other piŝ ^̂ .eio.eæ this may partly explain why no difference in 

virological response was found in patients allocated to phenotypic resistance testing or 

standard-of-care.
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Transmitted resistance

Therapy with HAART has had an impressive clinical impact by reducing HIV replication 

in HIV-infected individuals in Europe and USA over the period 1997-2002. However, it 

is currently unclear whether the widespread of the use of HAART in the western world 

is leading to an increase in the prevalence of patients infected with drug-resistant 

strains of HIV compared to a period when only mono and dual antiretroviral therapy 

were available®®  ̂®®®’®®\ Whilst it has been shown that mono or dual therapy can lead to 

the rapid development of resistance, correct use of HAART should reduce this risk®®̂ . 

However, as shown in chapter 6 of this thesis, due to the complexity of HAART and the 

toxicities associated with currently available medications there is a high rate of therapy 

discontinuation^®^’̂ ®°. There is also a study and a number of anecdotal reports that 

suggest that the proportion of patients who correctly take a regimen is low®®® and even 

among very motivated patients the rate of adherence tends to decrease with increasing 

time spent on HAART̂ ®®’®®̂. From the analysis conducted in section 7.4 in I.Co.N.A., it 

appears that the prevalence of primary mutations in chronically infected patients before 

starting therapy in Italy is low. However, more than 20% of newly infected therapy- 

naïve people (new seroconverters) have been found to carry at least one key 

resistance mutation, with some evidence of an increasing trend in UK and USA ®®® ®̂ .̂ 

The analysis of the I.Co.N.A. database which investigated the relationship between 

pre-therapy genotypic resistance and virological outcome of HAART also suggests that 

if a patient is infected with a drug resistant virus this may seriously compromise his/her 

future therapy outcome. This seemed to be the case for Pl-resistance in patients 

starting a Pl-containing HAART regimen. On the other hand, there is other evidence 

that suggests that transmitted drug resistant virus is currently not a major problem®®®. 

At this point in time there are 15 licensed drugs belonging to three different classes. 

Thus, if a person becomes infected with a drug resistant virus, if these mutations are 

detected before initiation of antiretroviral treatment it should be still possible to 

construct a first HAART regimen to which their virus is sufficiently sensitive, that full 

suppression can be achieved. This is consistent with the clinical observation that most 

people starting antiretroviral therapy who maintain a good level of adherence do 

experience profound viral load suppression (see chapter 3 and ^̂ ®). Further, a recent 

mathematical model of HIV transmission developed by Blower and colleagues predicts 

that the epidemic of drug resistant HIV is driven mainly by evolution of resistant virus 

during therapy in people who initially had only sensitive virus, and not by transmitted 

resistance®®®. It is crucial to repeat analyses of cohort data to monitor whether a 

significant change will occur over the next 5 or 10 years. Certainly, after failure of the 

first and/or subsequent regimens it is apparent that full viral suppression becomes
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much harder to achieve as treatment options are limited by cross-resistance. Still the 

population of patients with multi-drug resistant virus remains the one that is harder to 

treat and efforts should be made to reduce the prevalence of patients carrying these 

strains. Keeping this prevalence low and developing new drugs (belonging to different 

classes) and/or new treatment strategies will ensure that efficacious treatment options 

will remain in the future. It has been suggested that efforts should be made to further 

reduce the development of resistance in individuals on treatment (for example by 

reducing the duration of exposure to a virologically failing therapy), initiate therapy 

relatively late in HIV infection and prioritise the development of drugs active against 

strains resistant to current drugs®®®.
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CHAPTER 8. CONCLUDING REMARKS

8.1 Main achievements and drawbacks of HAART
A key limitation of HAART is the fact that it cannot cure HIV®®®. Soon after its 

introduction it was assumed by many that HAART could completely block the ability of 

HIV to infect new cells and mathematical modelling estimated that HIV could be 

eradicated from an infected individual within 2-4 years after the initiation of 

t h e r a p y ^ H o w e v e r ,  more recently, it became apparent that these estimates 

were unrealistic because they did not account for the ongoing low level replication and 

the presence of HIV in proviral DMA of long-lived resting CD4 cells and for the fact that 

antiretroviral therapy may have poor penetration in some sanctuary siteŝ "̂ '̂̂ '̂̂ ®®'̂ ®̂ . It 

is now established that HAART cannot eradicate HIV from an infected person within a 

reasonable period of time and therefore it has to be taken for lifê ®®’®®®.

Nevertheless, it is important to note that in the immediate years following the 

introduction of HAART, substantial declines in mortality and morbidity occurred in HIV 

infected populations in the western world®^ ®̂®. However, concomitantly to this dramatic 

decline, HCV and HBV-related morbidity and mortality became more apparent in 

populations of co-infected individuals®^

Further, recent analyses have shown that even in patients in whom viral load is not 

suppressed below 50 copies/mL, HAART has a residual beneficial effect on the 

immunological response as long as their viral load is suppressed below its natural set- 

point®̂®"®̂®. There is evidence from both in vitro and in vivo studies that drug resistant 

viruses are less fit (i.e. their inherent ability to replicate is lower) than wild-type, with 

estimates of the relative loss of fitness ranging from 3.3% to 36.1%®̂ ®’®̂®). Thus the use 

of HAART may in a sense impair the replicative capacity of HIV. It has been shown that 

viral load increases only gradually in patients with unsuppressed viral load but still 

receiving HAART and relatively rarely returns to pre-therapy baseline unless therapy 

has been interrupted or adherence is poor®®®. Small increase in viral load can also be 

seen in patients interrupting HAART but whose viral load was already replicating at 

“natural set-point” levels®®̂  The gradual increase in viral load in patients who are kept 

on a failing therapy also suggests that, in some circumstances at least, evolution of 

resistance may be slower than had been thought.

As extensively discussed in this thesis, the long-term efficacy of HAART may be, 

however, limited by a number of factors. These include, serious adverse effects of 

drugs currently available, the difficulty of maintaining long-term adherence to therapy.
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the emergence of drug resistance, and the limited number of drug classes currently 

available.

As shown in section 6.2, the use of HAART is associated with considerable toxicity that 

induces a high proportion of patients to frequently modify their treatment and therefore 

limiting the efficacy of these therapies.

Another serious limitation of HAART is the fact that virological potency of these 

therapies depends highly on adherence. For HAART to be fully successful an almost 

perfect adherence (only ^5% of the doses are missed) is needed^® ’̂̂ ®®’̂ °̂ ®®®'®®\ 

However, if HAART is started early, the occurrence of drug-related toxicity worsens the 

quality of life of these patients so that it is difficult for them to remain adherent 

especially in the long term®®®.

Finally, incomplete adherence generally leads to development of drug-related 

resistance on therapy which, again may compromise the success of subsequent 

therapies®®®. Indeed, there is a considerable level of cross-resistance within and even 

between drug classes and only drugs from 5 different classes (NRTI, NtRTI, NNRTI, PI 

and recently fusion inhibitors) are currently used in the clinics®®̂ .

it should be noted, however, that, to date, there is no evidence that these factors are 

decreasing the beneficial impact of HAART at a population level. Very recent analyses 

performed using the I.Co.N.A database (data not shown) and the data of a single clinic 

in London®̂ ® showed that the percentage of patients with high viral loads or low CD4 

count, and the rate of clinical events have remained at least as low as that observed in 

the immediate years following the introduction of HAART.
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8.2. Strategies to overcome HAART limitations and future chaiienges for the 

treatment of HiV
Several strategies have been studied in order to overcome the limitations of HAART 

mentioned above. In order to accelerate the process of eradication of HIV, a group of 

researchers thought that the latent HIV reservoir of replication competent proviral DMA 

could be purged out of the long-lived resting CD4 cells so that it could be more rapidly 

eliminated by HAART. In particular, strategies of immune stimulation using HAART or 

intravenous anti-CD3 antibodies (0KT3) in combination with IL-2 have been shown to 

be able to reduce the size of the pool of latently HIV-infected cells®®®"®®®. However, 

results have not been encouraging since discontinuation of HAART following these 

therapies was accompanied with virological rebound (similar to that observed in 

patients receiving HAART alone) and with CD4 count losŝ ^®’®®®’®®®.

Structured treatment interruptions (STI) have been suggested as a possible strategy 1) 

to generate an overshoot in viral load which, in turn, could potentially boost the CTL 

responses and 2) to reduce the exposure to antiretroviral drugs with possible 

improvement in the quality of life®®̂"®®̂. However, recent reports have shown that STI 

may induce a boost in CTL responses but, unfortunately, these responses appear to 

be unable to subsequently control viral replication®^®’®®̂’®®®®®®’®®°®®̂‘®®'̂  Nevertheless, 

there is a need for further investigating the possibility of STI implementation in clinical 

practice with the aim of reducing drug-related toxicity. Obviously, given the potential 

risk for repopulation of viral reservoirs and drug resistance, the increased risk of viral 

rebound and rapid CD4 count decline in patients who are off therapy, strict monitoring 

of these patients during STI is highly recommended and use of STI is currently not 

advised outside the setting of controlled clinical trials®®®’®®®’®®®'®®®.

The possibility of starting therapy with an aggressive treatment in order to rapidly 

achieve viral suppression and then to maintain the suppression achieved using a 

regimen containing fewer drugs, have been also investigated. These strategies have 

been often called “induction-maintenance” strategies. Unfortunately, the rate of 

patients who remained with a suppressed viral load while receiving the “maintenance” 

regimen was low in most studieŝ "̂  ̂®®̂ ®®̂'®®® unless patients were treated during the 

acute phase of the infection̂ ®®.

Similarly, since there is some evidence that the use of some drugs such as D4T or 

some individual Pis (ritonavir, nelfinavir and indinavir) is associated with a greater 

probability of developing metabolic and morphological alterations, simplification of
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antiretroviral regimens to abacavir- or NNRTI-containing regimens have been 

proposed. These simplification strategies appeared to be safe and recommendable in 

patients who, for example, developed severe adverse events on previous 

regimens®®®’̂ °̂ '̂ °®.
The occurrence of side effects may be sometimes related to the levels of drugs in 

plasma °̂®. A test that measures these levels is available for some drugs and is now 

offered in some clinics^^°‘^̂ .̂ Such a test is appropriate in patients receiving PI or 

NNRTI-containing regimens and may be useful to get the right amount of drugs in 

plasma (i.e. high enough to retain antiviral activity without causing severe toxicities).

Several methods to improve adherence to therapy have been suggested. These 

include medication counselling, staff and administration support, pill organisers, or 

other alarm devices, and even the possibility of directly observed therapy (DOT) for 

difficult-to-reach patient populations The possible limitations of DOT were

already discussed in section 1.6.5^" ’̂̂ ®. Further, since all the currently available 

regimens have advantages and disadvantages, the most recent treatment guidelines 

emphasise the need for starting a therapy that is tailored to individual patients in order 

to maximise a d h e r e n c e ^ O v e r  the last few years, several drugs have become 

available in new, improved, formulations. Combivir (containing zidovudine and 

lamivudine) and Trizivir (containing zidovudine, lamivudine, and abacavir) allowed a 

reduction in the number of pills in regimens. Nelfinavir tablets are now coated which 

makes them easier to swallow. Other improvements should become available in the 

near future. For example, stavudine and zidovudine should become available in a 

slow-release formulation so that it would be possible to take them once daily. 

Pharmacological boosting of Pis with the use of small doses of ritonavir has several 

beneficial effects and it has rapidly become the standard of care for most of protease 

inhibitors-containing regimens. Indeed, a small dose of ritonavir increases virological 

potency, diminishes food restrictions, is compatible with twice or even once daily 

dosing, and reduces the pill burden^ ®̂ .

Some new antiretroviral agents belonging to already existing drug classes are in 

various stage of development. Compared to the first generation of drugs, these new 

compounds have been selected on the basis of their improved virological activity 

against resistant HIV strains, improved convenience of dosing, and/or reduced toxicity. 

Among the new drugs, the NtNRTI tenofovir is one of the most promising. It can be 

dosed once daily in a single tablet, seems to be active against the majority of NRTI- 

related mutations, and has a favourable toxicity profi le^Future clinical trials should
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be designed to study the efficacy of this new drug as part of initial HAART regimens. 

Among the new Pis, tipranavir and atazanavir can be dosed once daily and tipranavir 

seems to be active against multi-resistant HIV strains^^^'^^. Atazanavir seems also 

associated with less metabolic toxicity compared to the first generation of Pis, 

however, high levels of bilirubin have been observed in phase II trials of patients 

receiving this druĝ ^®.

When HAART was first introduced it was clear that combining drugs of different drug 

classes was beneficial since they were tackling different stages of the HIV replication 

process. Thus, it is conceivable that this concept still applies and that the development 

of new drugs belonging to new drug classes will further improve the virological activity 

of future treatment strategies. In particular, it is likely that drugs belonging to new drug 

classes will be able to inhibit replication in the presence of existing resistant strains of 

HIV. Moreover, the availability of a larger number of drugs / drug classes should, 

theoretically, also increase the chance of success of recent alternative treatment 

strategies (such as single drug sequential antiretroviral t h e ra p y )T h e  currently most 

advanced drug, other than the existing four classes, is the fusion inhibitor T-20. A 

major drawback of this drug is that it has to be administered by subcutaneous injection 

twice daily and currently it is used mainly as part of salvage regimens in extensively 

pre-treated patients with unsuppressed viral load. Other new classes of antiretroviral 

agents are the integrase inhibitors, the CCR5/CXCR4-inhibitors, and the CD4 binding- 

inhibitors that, however, are still in early phases of development^^ '̂^^®.

Finally, for patients in which viral suppression appears to be unachievable and who 

had very low levels of CD4 count, the evaluation of new treatment strategies which are 

less susceptible to resistance development, such as immuno-therapy with interleukin-2 

seems important̂ ^®'̂ ®®. Indeed, there is evidence that IL-2 produces sustained 

increases in CD4 cell number and function in patients with both low and high CD4 

count̂ ®̂ .
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APPENDIX II -  LABORATORY METHODS

Plasma HIV RNA
In UNIF, plasma HIV RNA is measured using quantitative RT-PCR 9 (Amplicor, Roche 

Molecular System) with a lower limit of detection of 500 copies/mL The ultra-sensitive 

version of this assay with a lower limit of detection of 50 copies/mL was used in 

patients whose viral load was ^500 copies/mL starting from January 1, 1998.

In I.Co.N.A, plasma HIV RNA was measured predominantly using three methids: a 

quantitative RT-PCR (Amplicor, Roche Molecular System), a signal amplification b- 

DNA assay (Quantiplex, Chiron) method and a nucleic acid sequence-based 

amplification (NASBA Organon Teknika). The methods vary according to the clinical 

centre but the same method was used within the same individual across the centres.

In SHCS, plasma HIV viral load results were determined using Roche Amplicor 

(Roche, Basel, Switzerland), with a level of detection of 50 copies/mL or lower. 

Undetectable values of less than 50 copies/mL were set at the limit of detection.

CD4 T lymphocyte count
CD4 T lymphocytes counts were performed by standard flow cytometry (Coulter 

Electronics, Inc., Miami Lakes, FI, USA or Ortho Diagnostic Systems, Raritan, NJ, 

USA) using commercially available monoclonal antibodies (Beckton -Dickinson, 

Mountain View, CA).

Genotypic HIV resistance testing
A plasma sample, taken from each patient less than 6 months before the initiation of 

HAART, was rapidly thawed and ultra-centrifuged to pellet virus particles. After the 

extraction, RNA was retro-transcribed by random examers and a reverse transcriptase 

enzyme. The PCR products obtained with specific primers covered the whole pol 

region coding for all amino-acids of protease, and the first 320 amino-acids of reverse 

transcriptase, that is the area where the majority (and relevant) mutations conferring 

resistance to antiretrovirals fall. Sequence analysis was performed with the HIV 

GENOTYPING SYSTEM kit from ABI Perkin Elmer, Foster City, California. Briefly, 

RNA was extracted from plasma samples, retrotranscribed by MULV Reverse 

Transcriptase, and amplified with AmpliTaqGold Polymerase enzyme using two 

different sequence-specific primers for 40 cycles (15" at 95°C, 45" at 64°C, and 3' at 

68°C). The amplified product is the entire protease (99 amino-acids) open reading
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frame, and a portion of reverse transcriptase open reading frame containing the first 

324 amino-acids. Amplified samples were then purified, and full-length sequenced in 

sense and antisense orientation, using 7 different sequence-specific primers (4 in 

sense and 3 in antisense), by an ABI377 automated sequencer. Sequence data were 

analysed by dedicated HIV GENOTYPING SYSTEM SOFTWARE that automatically 

assembles the 7 sequence segments into a consensus sequence and compares this 

consensus to a NL4.3 reference strain.

Phenotypic HIV resistance testing
In UNIF, phenotypic resistance to all currently available antiviral agents was assessed 

using a recombinant virus assay (Antivirogram "̂ )̂®^®.
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APPENDIX III -  STATISTICAL METHODS

1 The lowess curve
1.1 Introduction
The lowess curve is one of a number of non-parametric regression methods that can 

be used to estimate the mean response profile as a function of time. Other smoothing 

techniques include kernel and spline estimation. All these three methods give 

qualitatively similar results, therefore, here the lowess method will be briefly reviewed.

1.2 Lowess estimation
For example, assume that the objective is to estimate the mean CD4 count response 

profile as a function of time from starting antiretroviral therapy. The lowess curve 

estimate at a certain time, say day 30 from therapy initiation, starts by centring a 

window around day 30. The width of this window is usually variable. Then, rather than 

calculated a weighted mean of the CD4 count in the window, a weighted least-square 

regression line is fitted. More weight is given to observations close to the middles of the 

chosen window. Once the line has been fitted, the residual (vertical) distance from the 

line to each CD4 count in the window is determined. The outliers, that is, CD4 count 

measurements with large residuals, are then down-weighted and the line is re- 

estimated. This process is iterated a few times. The net result is a smooth fitted line 

that is insensitive to outlier CD4 counts. In the example here, the value of the lowess 

curve at day 30 is simply the predicted value for the line. The entire lowess curve is 

obtained by repeating this process at the desired time points.

2 The Logistic regression model

2.1 Introduction
The logistic regression model has been used frequently in the analyses presented in 

this thesis. This section will give a short summary of the statistical ideas that form the 

basis of the model.

The logistic regression model is just one of a ‘family’ of regression models known as 

generalised linear models. This is because the log odds of the event of interest (a

binary outcome) are a linear function of a vector of predictors {xi,X2 Xn}.

The reason for modelling the log odds of the outcome rather than just the proportion 0 

of patients with the outcome, is that log odds can take any value, positive or negative, 

whereas proportions are constrained to lie between 0 and 1. When using statistical 

models it is better to model a quantity that is unconstrained to avoid the possibility of 

predicting impossible values (like proportions that are <0 or >1).
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2.2 The basic model

The function that correlates the proportion 0 with the vector of predictors is called ‘link 

function’. In the logistic regression model, the link function is logit and the basic model 

is usually expressed as follows;

logit (0) = loge (0/1-0) = a + piXi + P2X2 + ...M n where

0 is the proportion of patients with the outcome

exp(a) is the odds of the oucome in patients without any of the predictors

exp(pj) is the odds ratio of virological failure in patients with the predictor Xj compared to

those without the predictor Xj

2.3 Confidence Intervals and testing for significance
Under the null hypothesis of no association between the predictor Xj and the outcome of 

interest, the odds ratio for patients with Xj vs. those without Xj is equal to 1. Since log(1) 

= 0 the null hypothesis can also be expressed as log odds ratio = 0.

A Wald test is simply constructed by dividing pjfor the standard error of Pj. The value of 

the test is then compared with a standard normal distribution to obtain a p-value. If the 

p-value is ^0.05, it is conventionally accepted that there is enough evidence to reject 

the null hypothesis of no association between Xj and the outcome of interest.

The standard error of Pj can also be used to construct a 95% confidence interval (C.l.) 

around the log odds ratio as follows:

95% C.l. for log odds of outcome = Pj ± 1.96 x standard error of pj 

3 The Cox proportional hazard model

3.1 Introduction

One of the aim of this thesis was to show the flexibility of the time to event approach. 

This is why the Cox proportional hazards model has been so frequently used when 

analysing the data for this thesis. The basic idea behind a time to event analysis is 

showed in the following sections.

3.2 The survivor function, probability density function and hazard function
Let an individual be observed from time zero to time T, where T could be the time at 

which he/she experiences the event of interest or the last time he/she was seen event-
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free. The survivor function is defined as the probability that a patient will remain event-

free up to time t and it can be expressed as:

S(t) = Pr (T>t)

Note that this is 1 - F(t) where F(t) is the standard cumulative density function for a 

stochastic variable, F(t) = 1 -  Pr (T^t).

The probability that an event occurs ‘near’ time t is given by the probability density

function which, for a small interval of time ôt can be expressed as:

f(t) = Pr (t re T <: t + ôt) / ôt
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However, it is often more convenient to think in terms of the probability that an 

individual who has reached time t will experience the event of interest in the next little 

time interval between t and t + ôt. This the probability of experiencing the event in this 

little time interval conditional on survival up to time t and it is often indicated as the 

istantaneous risk of developing the event or the hazard function:

Pr (t ^ T ^ t +ôt) / ôt
h(t) = ------------------------------  , with ôt -» 0

ôt

3.3 The basic model

The proportional hazards model was proposed by David Cox in 1972. This model is 

used when the aim of the analysis is to relate the time to the occurrence of the event of

interest to a set of explanatory variables or predictors {xi,X2  Xp}. For example, the

hazard ratio of experiencing virological failure between antiretroviral- naive and 

experienced patients was often estimated in this thesis. The model also allows us to 

compare subjects with these characteristics and to control for other variables such as 

pre-therapy values of viral load and 004 count, age, gender, etc. The most important 

feature of the model is that the comparison is performed without needing to make 

assumption about patients’s actual survivor function.

Let the hazard functions in two groups of patients be hi(t) and h2(t). Assuming 

proportional hazards implicates that

h2(t) = hi (t) Tp at any time point t

and the difference between the two groups is summarised by the hazard ratio ip.

This is a strong assumption. In the example above it means that the hazard ratio of 

virological failure between antiretroviral- naïve and experienced patients does not 

change with time.

Thus, in general it is possible to model the hazard for a certain individual i as:

hi (t) = ho(t)

where ho(t) is called the baseline hazard and it is the hazard for an individual j with =

1.
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One possible way to relate a set of explanatory variables it is to use the linear predictor 

= 1+piXi+P2X2+...PnXn- This choico would not be very convenien though because ipj 

could turn out to be negative. The usual choice is instead:

= exp (PiXi+P2X2+...Mn)

i.e. the proportional hazards model is the log-linear model: 

hi (t) = ho (t) exp (PiXi+P2X2+...PnXn)

3.4 Estimating the parameters
The parameters of the model are estimated by maximization of the partial likelihood. 

Let define:

tj = time of the jth event

Rj = set of individuals still at risk at the time of jth event 

Xj = value of predictor x for individual who experienced event jth 

i = 1,2,...,k,...n are the individuals included in the analysis

Each term of the likelihood can then be constructed as the probability that a particular 

individual experiences the event, given the set of individuals who were at risk and given 

that one event has occurred. Thus, the probability that the jth event happens to the 

subject, say, k is:

Pr (k has event / one event occurs, Rj) =

Pr (k has event)

Pr (one event occurs)

Pr (k has event)

Pr (i has event)

As two events at one time are most improbable

h,(t)
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e x p (y â t*)

because the baseline hazard cancels out. Thus the partial likelihood of the complete 

data is:

L(p)=  n
exp(,&,)

L(p)is called a partial likelihood because it only uses part of the information (of all the 

individuals at risk only individuals who actually experienced the event). However, this 

function behaves like an ordinary likelihood and p can be obtained by maximizing L(P). 

Most computer packages use a Newton-Rapson procedure to do the numerical 

calculations.

3.5 Time-updated model
The above model is based on predictors measured at time zero of the analysis. 

However, many predictor values change over time and, for example, repeated 

measurements of viral loads and CD4 counts were available for the analysis performed 

in this thesis. These predictors are known as “time-updated” or “time-dependent” 

predictors. The estimation of the parameters associated with a time-dependent 

predictor can still be obtained by maximizing the partial likelihood that in case of time- 

dependent predictors can be expressed as

MP)=nj 2^exp(A<0)
where x,(t) are the time-updated predictor values for individual I at time t.

3.6 Inference

In large samples the distributions of the parameters Pj can be approximated by a 

normal distribution with mean, variances and covariances which can be estimated from 

the second derivative of the log of L(p). Confidence intervals and hypothesis testing for 

pj can be performed using the standard errors in the usual way:

exp \fii ±1.96 ^Var (/%) }
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and the ratio of Pj to its standard error can be compared to a Normal distribution in 

order to test whether it is is significantly different from zero (Wald test).

3.7 Proportionality assumption
The most important assumption of the Cox proportional hazards model is that the 

hazard ratio is proportional over time. This is a strong assumption and its validity needs 

to be evaluated. Throughout this thesis two methods for checking the proportionality 

assumption have been performed, using a graphical method proposed by Hess^^ and 

by performing a statistical test based on the distribution of Schoenfeld residualŝ ®®.

The first test, based on a graphical method, it is often referred to as “log-log” plots. 

Although using graphs is subjective it can be a helpful tool. This method consists in 

plotting the -ln( -ln(time to event)) of the predictor (generally a categorical variable) of 

interest against the In (analysis time). If the plotted curves relative to the different 

categories of the predictor are reasonably parallel then the proportional hazards 

assumption has not been violated and the conclusion of the model are valid. This test 

is implemented in the command stphplot of Stata.

The second test is based on the generalisation proposed by Grambsch and Therneau. 

These authors showed that testing for the proportionality assumption is equivalent to 

testing that the slope of a generalised linear regression of the scaled Schoenfeld 

residuals against time is different from zero. This test it is implemented in the stphtest 

command in Stata.

4 The linear hierarchical model

4.1 Basic model
For the analysis of this thesis, the shrinkage estimates of CD4 count slopes after 

HAART initiation were calculated by fitting the multilevel model:

C D 4 i )  =  ( l + U i )  +  (p + V i) t i |  +  e ,| =  C D 4 i j “ '^

where ^ is the average CD4 count pre-therapy (the intercept)

p is the average rate of CD4 rise (the slope)

u, is the extent to which the individual / departs from the 

average intercept
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Vi is the the extent to which individual / departs from the 

average slope

eij is the residual error for individual / at time j

I  and p are fixed quantitaties, U| is assumed to be normally distributed with mean zero 

and variance Sû ; V| is assumed to be normally distributed with mean zero and variance 

Sv̂ ; and eij is normally distributed with zero mean and variance ŝ . Thus, in order to 

describe this model it is only necessary to estimate the mean parameters (% and p), the 

variances (Sû , Sv̂  and s )̂ and the covariance between Uj and Vj (Suv). The individual 

patients intercept and slope estimates are simply given by ^*+u‘ and p*+v* (where 

|*,p*,Ui* and Vi* denote the restricted maximum likelihood estimates for the parameters).

4.2 Method to calculate MLN shrinkage slopes using SAS
This method uses the original raw CD4 counts {CD4), measurement times {time) and 

an identifier for each measurement showing the individual to whom it belongs {id). The 

SAS program would contain lines similar to the following.

proc mixed; 

class id;

model CD4=time;

random int time / subject=id type=un; 

run;

Restricted maximum likelihood estimation is the default option. Shrinkage estimates 

are calculated by adding the estimate of the average population slope (fixed coefficient 

estimates), to each of the estimated individual random effects. This method produces 

estimates that are identical to those obtainable using the statistical package MLNWin. 

For more details consult the SAS Technical report #P-229 handbook. Chapter 16 :290- 

350.
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