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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 Naive from
Antiretrovirals (1.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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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 log:, copies/mL or more) and, after a period of
fluctuation, appears to stabilise at a so called “set-point”>'®'2, A sudden decline in CD4
count has also been observed concomitant with this peak in viral load'. In some
patients typical symptoms of HIV seroconversion can also be observed (symptomatic
primary infection)'*. 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 cells'®'°. 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/ul'®. The inverse relationship
between viral load and CD4 count in untreated HIV-infected individuals has been
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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 ahd 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 naive cells) is superior.

HIV strains

Non-syncytium inducing (NSI) 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 NSI to a Sl strain in some people®. However, the Sl strain
of HIV is more aggressive and its prevalence correlates with more rapid disease

%840 T_cells are the target cell preference for Sl strains of HIV®.

progression
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 |
genes contribute to initiate a cytotoxic T cell response while HLA class Il 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 | loci are stronger
than those found for class Il loci. Specifically, HLA-B*27 and HLA-B*57 have been
consistently linked with a delay in HIV progression‘e“‘g, while HLA-B*35 was shown be
associated with faster progression to AIDS**°. The mechanism responsible for this
protective effect remains unclear; it may inciude 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 -C 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 chemokines,
have lately been identified as essential co-receptors required for the process of HIV
entry into CD4 cells. CCR5 and CCR4 (or CXCR4) 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
CCRS5 receptor that binds the chemokines MIP-1a, MIP-18 and RANTES. A 32-base
pair deletion allele (A32) has been identified for the CCRS5 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 (CCR2-64l) that may affect
the risk of AIDS®®. Stromal cell-derived factor-1 (SDF-1) is the chemokine 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 CCR2-64l alleles had a significant protective effect
against the development of AIDS or death but SDF-1 homozygosity carried no such
protection®. The CCRS5 ligands, MIP-1a, MIP-1p and RANTES, have also been shown
to slow HIV progression, possibly altering the expression of CCR5 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

68-72 14,73

immuno-activation™ “ 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 ltalian Seroconversion Study cohort, it was estimated that the
hazard of developing AIDS increased by 80% for every 100 cells/ul 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 count”™™, 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

10.11.7980  although plasma

measurement is strongly associated with disease progression
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 BNA concentrations and CD4 counts refines the precision with which both short-
term and long-term risks of disease progression can be assessed in individual
patients”®®, 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®®9%,

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

Zidovudine (ZDV)
Didanosine (ddl)
alcitabine (ddC)
tavudine (d4T)
Lamivudine (3TC)
IAbacavir (1592U89)
ZDV+3TC
ZDV+3TC+Abacavir

Tenofovir(Bis-POC PMPA)

Nevirapine (BI-RG-587)
Delavirdine (U-0152)
Efavirenz (DMP-266)

aquinavir (RO-31-8959)

Ritonavir (ABT-538)
ndinavir (MK-639)
elfinavir (AG-1343)
mprenavir (141W94)
BT-378/r (Lopinavir/RTV)
tazanavir (BMS-232632)

-20

Trade name

Retrovir®
Videx®
Hivid®
Zerit®
Epivir®
Ziagen™
Combivir™
Trizivir™

Usual daily dosing Special considerations

Broad range of dosages
Take on empty stomach
Do not take with ddl
Take 1 hour before food
Preferably without food
No diet restriction
No diet restriction
No diet restriction

FDA
approval

Nucleoslde Reverse Transcriptase inhibitors (NRTI)
1986 1x250 mg capsule BID
1991 2x100 mg tablets BID
1992 1x0.75 mg tablet TID
1994 1x40 mg capsule BID
1995 1x150 mg tablet BID
1998 1x300 mg tablet BID
2000 1x(300+150) mg tablet BID
2000 1%(300+150+300) mg tablet

BID

Nucleotide Reverse Transcriptase Iinhibitors (NtRTI)

No diet restrictions

Lead-in dosing<14wks
1 hour apart form ddl
Avoid high fat meals

Take within 2 hours of full

meal
Take with meals
Take on empty stomach
Take with snack / meal
Avoid high fat meals
No restrictions
No restrictions

Viread 2001 300 mg OD
Non-nucleoside Reverse Transcriptase inhibitors (NNRTI)

Viramune® 1996 1x200 mg tablet BID

Rescriptor® 1997 4x100 mg tablets TID
Sustiva™ 1998 3x200 mg capsules OD

Protease Inhibitors (PI)

Invirase® 1995 3x200 mg capsules TID
Fortovase® 1997 6x200 mg capsules TID
Norvir® 1996 6x100 mg capsules TID
Crixivan® 1996 2x400 mg capsules TID

Viracept® 1997 3x250 mg tablets TID
Agenerase® 1999 8x150 mg capsules BID
Kaletra® 2000 3x133 mg capsules BID

- Expanded 1X400 capsules OD

Access

Fusion Inhibitors
Expanded Self-subcutaneous injection Adverse reaction around

Access

OD

the injection site

Common side-effects

Nausea, vomiting
Bloating, diarrhoea
Nausea, vomiting
Mouth ulcers, diarrhoea
Headaches, tiredness
Hypersensitivity
Same as single drugs
Same as single drugs

Low level CK elevation

Rash, fatigue
Skin rash, fever
Rash, dizziness

Diarrhoea, abdominal pain

Diarrhoea, stomach pain
Kidney stones, dry lips
Diarrhoea, abdominal pain
Headache, nausea
Mild Gl side effects
Bilirubin elevation

Diarrhoea, nausea

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




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

cycle. 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 itself. In the presence of
Pl new copies of HIV are still made but these virions are not replication-competent so
that cannot infect other cells®™. This is a relatively recent class of antiretroviral drug,
and their introduction coincided with the use of regimens containing three or more
drugs that has dramatically changed the natural course of HIV disease by producing
substantial decreases of HIV RNA levels in plasma'®'%, The currently licensed Pl are
indinavir, nelfinavir mesylate, ritonavir, saquinavir mesylate (hard gel and soft gel
formulations), amprenavir and, lately, lopinavir+ritonavir which is produced in the form
of kaletra. Each pill of kaletra contains 133 mg of the new compound lopinavir and 33
mg of ritonavir. Many clinicians currently use Pls 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-life of the other
PI'®, 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 single-PI regimens.

1.3.3 Non-nucleoside 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 DNA'%. 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-nucleoside loviride 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''’. Delavirdine mesylate 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 delavirdine 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''2.

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 therapy

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 published''®. 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 réceiving
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 studies''®'%, Lamivudine mono-therapy, on average, appeared to be able to
reduce viral load by 1.2 log,, copies/mL at 24 weeks after starting therapy'®. In
general, it is estimated that NRTI mono-therapy can reduce viral load by 0.5 logso

copies/mL for six months and by 0.3 log,, copies/mL for a further six months'2*'2°,

1.4.2 Dual antiretroviral therapy

Dual NRTI therapy had been widely used in the USA and Europe in the period
preceding the introduction of Pls (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 alone'?'*. 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 logy, copies/mL for six months and by 0.5 logio
copies/mL for a further six months, depending on the combination used'®'"'*,

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 Pl. 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: 2NRTIls + PI,
2NRTIs + 2PIs (ritonavir-boosted Pl regimens), 2NRTIs+NNRTI, and finally three
NRTIs'®. 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, Pl-containing HAART may cause
severe toxicity and is generally associated with a high pill burden'¥'®, In contrast,
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ritonavir-boosted Pl 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 load'*"'*®. 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'*. 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 Hydroxyurea

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 disease'®*'%,

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 death'®®'®, 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-naive 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 therapy'®*'%'%,

Combination therapy including at least two NRTIs plus a Pl 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 patients'”'®, In 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 Pl

and the median time to reach a viral load <500 copies/mL was about 8 weeks'™.

1.6.1 Relationship between virological response and pre-therapy 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 log:, 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 controversial'’®'7"17%181.182 The 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/mL'®""%, 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 count'™,

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 count'®*'®®, 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 low'®.

1.6.3 Relationship between virological response, history of antiretroviral treatment and

number of new drugs started

The rate of virological failure in previously antiretroviral naive patients is lower than in
pre-treated patients who start HAART'®. A recent analysis showed that antiretroviral-
naive patients have a better virological response to HAART (defined as =3
antiretroviral drugs) than drug-experienced patients starting three new drugs'®’. 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'®"'*'®_ |mportantly, 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 years'®*'#"'9',

As far as other predictors of virological response are concerned, in treatment
experienced but Pl-naive patients starting a Pl-containing HAART regimen, the
number of new NRTIs started in combination with the Pl is associated with a higher

probability of initial viral suppression to below 500 copies/mL'"*'7,
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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 bias'®2. However, several cohort
studies, have consistently indicated that patients who receive saquinavir (hard-gel
formulation) as their only Pl seemed to have a worse virological response than patients
whose first Pl is indinavir or ritonavir'”+'7¢1811919 Thjs 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)'9*'%,

1.6.5 Adherence to therapy
There is agreement that adherence to antiretroviral treatment is the most important

determinant of therapy success, at least in antiretroviral-naive patients'®>'9%?% Qne 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-naive
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 drugs®***®, One of the main problems related
to adherence is the choice of the best method to measure adherence in a patient®”2"",
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 therapy*'®?'>. 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®72628,

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/ul 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 viral 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 ICs) 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 22 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

33



234236240292 Fyrthermore, minor mutations in the protease region (e.g. at

history)
positions 10, 36) present in antiretroviral-naive patients prior to initiation of PI-
containing HAART have been shown to decrease the chance of achieving a viral load
below 500 copies/mL at 24 weeks of therapy®®. 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®*+2,

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

174

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

247253 Ongoing viral replication due to non-

load reflect residual HIV replication
suppressive therapy leads to early development of drug-resistant virus and eventually
to virological failure®®*2®, Virological failure may occur also as a result of the activation
of latently infected cells containing drug-resistant virus®***®°, 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 certainty®®?®®, This is the reason why the main goal of
antiretroviral therapy is to suppress and maintain viral replication as low as

185185 |ndeed, antiretroviral-naive patients, whose viral load has been

possible
suppressed to <50 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 <500
copies/mL'88197242%  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 occur®®2%%27°,

1.6.7 Failure due to therapy 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®*2%, In previously antiretroviral-naive
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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278 Thus, while HIV eradication seems

suppression that is sustained for several years
to be an unrealistic goal for the currently available regimes®®?42%¢ 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 (TDM)

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 Cy,), the maximum peak in concentration
(Cmax), and the area under the curve (AUC). C., 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 C, and the IC5, (or ICy) 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 Cq, 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 Pl concentrations compared to patients receiving standard of care®®. 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
therapy'“*?®**®_ |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 Cnax 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®2.

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

101,163

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 naive 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 naive
cells'?"294300%3 The jnitial 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

802304306 |1t has also been hypothesised that this initial rapid restoration can

circulation
be explained by the reduced activation-induced apoptosis following the suppression of
viral replication in lymphoid tissues®”. The production of new naive 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 C 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/ul. This increase has been
shown to be independent from the CD4 count pre-HAART %%, Thus, patients with an
average CD4 count of 50 cells/ul at the time of starting HAART would have, on
average, around 250 cells/ul after two years of therapy while patients starting with 350
cells/ul would have around 550 cells/ul 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®®2#'9%2! 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/ul, the probability of occurrence of an
AIDS-defining iliness is. very low if the CD4 count rises to 200 cells/ul (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-naive patients do not experience a
CD4 rise above 200 cells/ul 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/ul is similar to that of patients starting with a CD4 count >350 cells/ul'®. These
findings have been used as an argument against the need to start HAART when the
CD4 count is around 350 cells/ul in chronically HIV-infected patients compared to

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

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®22%%7,
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 carinii 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®?%2%°,

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®®.

38



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'®2"*
283351352 |n clinical 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 1.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 reasons®?,

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
PIs®>%72, 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 P[3%43783813%03% Thg fact that these morphological and
metabolical alterations have been observed at a population level and the apparent use
of Pls as the unifying cause led the investigators to think that all these changes were
part of a new single “lipodystrophy syndrome”'®3%%%% However, a number of studies
had been designed a priori to implicate the role of Pls 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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