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INTRODUCTION

Welcome to Glasgow, to the 6th International Congress 
on Drug Therapy in HIV Infection, and to Roche Pharma-
ceuticals’ satellite symposium, ‘Tailoring ART: Different 
People, Different Needs’. We hope you enjoy this 
opportunity to meet colleagues working in the fi eld of 
HIV medicine, to share your knowledge and experiences 
with others, and to discuss new ideas that will improve 
the lives of people living with HIV or AIDS.

Now in its third decade, the global HIV/AIDS pan-
demic continues to evolve in ways that we could not 
have predicted when the disease was fi rst recognized 
in the early 1980s. Highly active antiretroviral therapy 
(HAART) has dramatically improved the outlook for 
many people living with HIV infection; however, the 
emergence of new clinical dilemmas, changes in epi-
demiology and shifts in transmission patterns all mean 
that we must constantly monitor and update our pre-
vention and treatment strategies.

To stay one step ahead of HIV, we must recognize 
that no two people with HIV infection are the same. 
Each individual has different treatment needs, based 
on factors such as their age, gender, lifestyle and 
personal circumstances — as well as the properties 
of the virus with which they are infected and the co-
existence of other diseases or infections.

For these reasons, it is essential that we tailor anti-
retroviral therapy for each patient that we treat, rather 
than simply apply a ‘one size fi ts all’ approach to their 
management. A regimen that is perfect for one person 
might not be suitable for another. We are now in the 
fortunate position — at least when helping our patients 
choose their fi rst- and second-line regimens — of hav-
ing options that we did not have only a few years ago, 
options that continue to grow in number and widen 
the choices available to us. We are now beginning to 
realize that different patients have different treatment 
needs, and that we are in a position to select the op-
tion that best meets these needs.

This is the theme of our symposium today. Through 
a series of state-of-the-art presentations, we aim to 
highlight the need to tailor treatment for each person, 
and to examine in more detail how needs vary be-
tween different patient groups. Needless to say, there 
are always trade-offs — but, by considering fully each 
patient’s lifestyle, personal circumstances and life 
goals, in addition to other factors such as their medical 
and treatment histories, gender, age, stage of disease 
and viral characteristics, we should be able to identify 
an optimal treatment regimen for each person.

The treatment of women with HIV infection and 
of patients who are co-infected with hepatitis C virus 
(HCV) presents particular challenges for physicians 
and other healthcare professionals. We are delighted 
to welcome Dr Sharon Walmsley to the symposium to 

discuss treatment issues relevant to each of these pa-
tient groups. The rising numbers of infections among 
women, and increasing recognition of the importance 
of liver disease as a cause of mortality in the HAART 
era, make these topics highly relevant to the manage-
ment of HIV infection today.

Therapeutic approaches must be carefully consid-
ered by weighing risks versus benefi ts. The side effects 
of antiretroviral therapy are emerging as perhaps the 
most important reason for treatment failure or non-
adherence among our patients — not, as we have 
tended to think, the number of pills that patients had to 
take or the need to take them twice a day. Additionally, 
fear of side effects is dissuading many patients from 
commencing therapy, even when it is clearly indicated. 
Adverse effects can therefore form an important bar-
rier to effective therapy, and co-chair Dr Anton Pozniak 
will be discussing the role of both nelfi navir and of 
boosted saquinavir/low-dose ritonavir (saquinavir/r) in 
implementing effective regimens for HIV management 
that are tolerable for patients.

Boosted protease inhibitors have become a popu-
lar option in recent years for both treatment-naive 
and -experienced patients. However, until recently, 
we have had no data from well-designed clinical tri-
als to help us decide between the available options. 
The MaxCmin trial series is set to change all that, and 
we are delighted that Dr David Cooper will be here to 
present the results of the MaxCmin1 study — the fi rst 
ever head-to-head comparison of boosted protease 
inhibitors in patients with HIV infection.

As time goes on, more and more of our patients have 
already had three or more antiretroviral regimens, and 
tailoring effective therapy for them can be particularly 
challenging. Enfuvirtide (T-20) is the lead compound 
in a completely new class of antiretroviral agents with 
a novel mechanism of action — the fusion inhibitors. 
Enfuvirtide has already shown great promise in clinical 
trials that enrolled patients with limited treatment 
options. We are pleased to welcome Dr Manuel Batte-
gay, who will be presenting the latest data from Phase 
III trials of this important developmental agent, and 
Ms Nicky Perry, who will be providing her insight and 
experience of enfuvirtide from a nursing per spective.

We trust that you will enjoy the presentations, and 
that you fi nd the programme both informative and 
thought provoking.

 Ceppie Merry
 Anton Pozniak
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A TAILORED FIT – 
Viracept and the requirements of defi ned patient populations

Sharon Walmsley

Assistant Director, Immunodefi ciency Clinic, 
Toronto Hospital, University Health Network, 
and Associate Professor of Medicine, 
University of Toronto, Toronto, Ontario, Canada

Dr Sharon Walmsley is an Associate Professor in the Department of 
Medicine at the University of Toronto, and the Assistant Director of the 
Immunodefi ciency Clinic at the Toronto Hospital, Ontario, Canada. She also 
heads the HIV clinical trials group in that institution. Dr Walmsley obtained 
her BSc in Microbiology and Immunology and her MD from the University 
of Western Ontario in London, Ontario. She has completed fellowships in 
Internal Medicine, Infectious Disease and Microbiology at the University 
of Toronto, and has also completed an MSc in Clinical Epidemiology.
Dr Walmsley has participated in numerous clinical trials in HIV medicine. 
She is the principal investigator of a Canadian Institute of Health 
Research–sponsored trial of structured treatment interruption in patients 
with virological failure. Additionally, she is participating in multiple studies 
evaluating risk factors for, and the incidence, prevalence and treatment of, 
lipodystrophy.
Dr Walmsley has a special interest in women and HIV, and is a co-
investigator and member of the management committee of the Canadian 
Women’s Study. Additionally, she was the co-chair for the Canadian 
Multidisciplinary Expert Panel that developed management guidelines 
for HIV-HCV co-infected patients.
Dr Walmsley is a member of many national and international AIDS 
committees. She is the Chair of the Protocol Development Team of the 
Canadian HIV Trials Network, and has served as a Secretary of the Canadian 
Association for HIV Research. She has received a fi ve-year career scientist 
award from the Ontario HIV Treatment Network for further development 
of her expertise in HIV clinical management studies.

Introduction
Nelfi navir mesylate (Viracept) is an established therapy for the treatment of 

HIV infection that has shown potent and durable antiretroviral effi cacy over at least 
4 years of continuous treatment.1 Additionally, nelfi navir preserves future treatment 
options, because virological failure on nelfi navir is not usually associated with 
cross-resistance to other protease inhibitors, and there is no evidence of any cross-
resistance with non-nucleoside reverse transcriptase inhibitors (NNRTIs).

Evidence is now accumulating that nelfi navir may be a particularly appropriate 
choice of antiretroviral therapy in specifi c groups of HIV-infected patients, such as 
women of child-bearing potential, and patients in whom liver function is a cause for 
concern. Recent trends suggest that physicians are increasingly likely to see these 
patients in their clinics, and need to be aware of their special treatment requirements 
in order to provide optimal, tailored care.
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In previous years, many physicians attempted a 
‘one size fi ts all’ approach to the treatment of HIV 
infection, using the same antiretroviral regimens for 
different patients without always taking into account 
whether important factors such as the patient’s gen-
der, personal circumstances, life goals, lifestyle or co-
morbidities might impact on response rates or toxicity. 
Treatment decisions, both at the individual and policy-
making levels, may have been based on extrapolations 
from the results of clinical trials performed in patient 
populations that differed signifi cantly from the indi-
vidual or population to whom the decision applied.

For example, recent epidemiological and surveil-
lance data indicate that, worldwide, half of all HIV-
infected adults aged 15 to 49 years are women (Figure 
1).2 In developed countries, this fi gure ranges between 
20 and 40%.2 Data from the Centers for Disease Control 
and Prevention (CDC) in the US indicate that the pro-
portion of new domestic AIDS cases that are in women 
has increased almost every year since the mid-1980s, 
from <10% in 1986 to >25% in 2000.3 Despite this, his-
torically, women have not always been fully represented 
in major clinical trials of new antiretroviral therapies. In 
their systematic review, Bartlett and colleagues4 found 
that the proportion of participants in major HIV clinical 
trials who were women was frequently <15%. Thus, 
there would appear to be a need for more data on the 
effects of antiretroviral therapy in women. Women rep-
resent a relatively large group of HIV-infected patients 
in whom, as discussed below, treatment needs may 
differ — and it remains unclear whether or not they are 
more susceptible to the adverse effects of antiretroviral 
drugs compared with men.5

Another issue that is rarely addressed in clini-
cal trials is co-infection with hepatitis C virus (HCV). 
Epidemiological studies suggest that, depending on 
geographical location, between 30 and 50% of patients 
with HIV infection are also co-infected with HCV. This 
proportion may be as high as 80−90% among patients 
infected with HIV through intravenous drug use or 
receipt of contaminated blood products.6 Co-infection 
with HCV may have a signifi cant impact on the overall 
management of HIV infection, including the choice of 
antiretroviral agents, because of the need to prevent 
hepatic injury. However, few clinical trials have report-
ed data on treatment outcomes — particularly with re-
spect to safety — separately in patients with HIV-HCV 
co-infection. Furthermore, patients with co-infection or 
increased liver transaminases are specifi cally excluded 
from clinical trials. Consequently, it is not clear whether 
the results of many clinical trials are generalizable to 
patients who are co-infected with HCV — a signifi cant 
problem, given the high prevalence of co-infection in 
many countries and populations.

Liver disease is becoming an important cause of 
morbidity and mortality in people with HIV infection 
receiving highly active antiretroviral therapy (HAART).7 

The high prevalence of HIV-HCV co-infection is, how-
ever, only one contributing factor. Other forms of viral 
hepatitis, alcohol and recreational drug use, and a 
history of drug-related hepatotoxicity (for example, 
due to antitubercular agents) may all place patients 
at risk of future hepatic injury. These patients, too, 
have special treatment needs that must be taken into 
account when choosing an effective — and safe — an-
tiretroviral regimen.

Nelfi navir is an effective option for management 
of HIV infection

Nelfi navir is well established as a potent, durable 
option for patients with HIV infection who require 
antiretroviral therapy.1,8−10 In addition, nelfi navir has a 
favourable tolerability and safety profi le that is char-
acterized by low rates of toxicity-related treatment dis-
continuations and a lack of major organ toxicities.8

In recent years, evidence has begun to emerge 
suggesting that, because of its favourable tolerability 
and safety profi les, nelfi navir may have additional util-
ity in large sub-populations of patients with HIV infec-
tion. These include:
— women with HIV infection, including pregnant 

women and those of child-bearing potential
— patients with HIV-HCV co-infection and others in 

whom liver disease is of concern.

Proportion of the adult HIV/AIDS population accounted 
for by women, both globally and by country.2
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Treatment of HIV infection may need to be 
different in women

Antiretroviral therapy may differ in women as 
compared with men for several reasons. Physiological 
and anatomical differences may give rise to divergent 
pharmacokinetics and pharmacodynamics; addition-
ally, caregiving responsibilities and multiplicity of roles 
may act as barriers to adherence with therapy. There 
is some evidence to suggest that antiretroviral ther-
apy is more likely to cause certain adverse effects in 
women than in men;5 for example, severe nevirapine-
associated rash has been shown to be several times 
more common in women.11

Furthermore, as persons with HIV are living longer 
and the effectiveness of HAART in preventing mother-
to-child transmission (MTCT) is improving, increasing 
numbers of HIV-infected women are deciding to have 
children. This development, and the fact that many 
pregnancies are unplanned,12 suggests that antiretro-
viral therapy in women of child-bearing potential must 
be chosen to be both effective and to have a high 
margin of safety in the event of pregnancy, whether 
accidental or intentional.

Nelfi navir is an appropriate choice for 
management of HIV infection in women…

A growing body of evidence suggests that nel-
fi navir is as effective and well tolerated in women 
with HIV infection as it is in men. A recent study has 
suggested that the pharmacokinetics of nelfi navir do 
not differ signifi cantly between HIV-infected men and 

women,13 and several studies have provided evidence 
that nelfi navir reliably suppresses HIV replication 
irrespective of gender.14−17

In the Women First study,14 68 HAART-naive wom-
en received nelfi navir (750 mg tid or 1250 mg bid) as 
part of a four-drug antiretroviral regimen that also in-
cluded saquinavir. After 48 weeks’ treatment, >80% of 
women who remained on therapy had viral loads <400 
copies/ml, and the authors concluded that nelfi navir 
durably suppressed viral replication in HIV-infected 
women. Nelfi navir was reported to be well tolerated in 
these patients, and rates of diarrhoea were lower than 
in previous trials that primarily enrolled men.

In addition, in their retrospective cohort analysis of 
patients (n = 1309) receiving nelfi navir plus two nucle-
oside analogues as fi rst-ever HAART, Palella and co-
workers found that women receiving this combination 
were as likely as men to have an undetectable viral 
load (<400 copies/ml) after at least 2 years of therapy, 
irrespective of baseline HIV RNA level.17 Moreover, 
immunological responses were similar between the 
genders (Figure 2).

…including pregnant women and those of 
child-bearing potential

As mentioned previously, more women with HIV 
infection are becoming pregnant. Current guidelines 
for the management of HIV infection indicate that 
pregnancy, in and of itself, is not a barrier to the use 
of HAART, and that pregnant women with a clinical 
indication for antiretroviral therapy should receive ap-
propriate combination treatment.18

Recently, Morris and co-workers reported maternal 
and foetal outcomes in a series of 233 women who 
received protease inhibitors during pregnancy.19 The 
vast majority of these women (n = 215; 92%) received 
nelfi navir. In this series:
— 56% of the women had HIV RNA <400 copies/ml 

at the last available visit (vs 20% at baseline)
— prematurity and low birth weight were not associ-

ated with the specifi c protease inhibitor used
— the rate of vertical transmission was <1%.

Smith et al. reported on the use of nelfi navir in 40 
pregnant women with HIV infection.20 All of the 36 in-
fants for whom data were available were HIV-negative 
at birth; one subsequently seroconverted at 4 months.

In pregnancy, the potential impact of antiretroviral 
therapy on the developing foetus is a key consider-
ation. A recent case report of teratogenicity, considered 
by the authors to be attributable to the fi rst-trimester 
use of efavirenz,21 has brought home to many clinicians 
just how important it is to consider the safety of anti-

Virological and immunological responses to nelfi navir-based 
HAART in a cohort of men (n = 1001) and women (n = 308).17

Figure 2
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retroviral therapy in pregnancy. These considerations 
should, moreover, apply to all women of child-bearing 
potential, since many pregnancies are unplanned.12

Unfortunately, as in many areas of medicine, data 
are lacking on the safety of drug treatment in pregnant 
women with HIV infection. The Antiretroviral Pregnan-
cy Registry (www.apregistry.com) maintains a central 
database of pregnancy outcomes in women receiv-
ing antiretroviral therapy, and physicians are strongly 
encouraged to enrol their pregnant patients with the 
Registry as early as possible.

The latest Registry report details pregnancy out-
comes data on 2416 live births that occurred between 
1989 and 2001.22 To date, nelfi navir is the only anti-
retroviral agent, other than the nucleoside analogues 
stavudine, lamivudine and zidovudine, for which suf-
fi cient data on fi rst-trimester exposure exist to enable 
an assessment of teratogenic risk. No increased risk 
has been seen with nelfi navir: eight birth defects have 
been reported among 256 live births in women who 
received nelfi navir during the fi rst trimester, represent-
ing a rate of 3.1 defects per 100 live births. This rate is 
exactly the same as that calculated by the CDC for the 
general population between 1991 and 1995.22

Additionally, in a recent analysis of seven clinical 
studies that included 2123 pregnant women,23 Tuomala 
and co-workers found that the use of protease in-
hibitors during pregnancy was not associated with 
an increased risk of premature delivery or of low birth 
weight (<2500 g).

Unlike nevirapine, nelfi navir (and other protease 
inhibitors) does not cross the placenta to any appre-
ciable extent, and does not achieve signifi cant con-
centrations in cord blood.24

In summary, nelfi navir may represent an appro-
priate choice, as part of combination therapy, for the 
treatment of HIV infection in pregnant women. It ap-
pears to be both effective in maintaining viral suppres-
sion in the mother and in preventing MTCT, and, on 
the basis of currently available data, its use in the fi rst 
trimester does not appear to be associated with an 
increased risk of birth defects. The current FDA clas-
sifi cation of antiretroviral agents is shown in Table 1.

Although more data are required before specifi c 
recommendations for women are made, it appears that 
nelfi navir may be a suitable option for fi rst-line treat-
ment in this patient group, including patients who are 
pregnant or are of child-bearing potential.

Nelfi navir may be an appropriate choice for 
management of HIV infection in patients at 
risk of liver disease

Another ‘defi ned patient population’ in whom nel-
fi navir may have advantages over some other antiretro-
viral agents is in patients who are at increased risk of 
hepatotoxicity. As mentioned above, liver disease is 
becoming a major cause of mortality among HAART-
treated patients with HIV infection.7 At-risk patients 
include those with:

Table 1
Current FDA classifi cation of antiretroviral agents.25

FDA category Defi nition of classifi cation25 Antiretrovirals26−28

B Either (1) animal reproduction studies have not 
demonstrated a foetal risk, but there are no controlled 
studies in pregnant women; or (2) animal reproduc-
tion studies have shown an adverse effect that was 
not confi rmed in controlled studies in women in the 
fi rst trimester, and there is no evidence of a risk in 
later trimesters.

Didanosine
Nelfi navir
Ritonavir
Saquinavir
Tenofovir

C Either (1) studies in animals have revealed adverse 
effects on the foetus (teratogenic or embryocidal 
effects), and there are no controlled studies in 
women; or (2) studies in women and animals are not 
available. Drugs should be given only if the potential 
benefi t justifi es the potential risk to the foetus. 

Abacavir
Amprenavir
Efavirenz
Indinavir
Lamivudine
Lopinavir/ritonavir
Nevirapine
Stavudine
Zalcitabine
Zidovudine
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— HIV-HCV co-infection
— other forms of hepatitis
— alcoholism or alcohol misuse
— a past history of drug-induced hepatotoxicity, e.g. 

paracetamol (acetaminophen) overdosage, anti-
tubercular therapy, and certain halogenated inhala-
tional anaesthetics.

HCV co-infection is prevalent among patients with 
HIV infection, particularly among those who acquired 
HIV through intravenous drug use or the receipt of 
contaminated blood products.6

The clinical course and severity of HCV disease ap-
pear to be accelerated and worsened in the presence 
of HIV.29 Moreover, co-infection with HCV appears to 
increase the risk of hepatotoxicity with at least some 
antiretrovirals, including efavirenz and nevirapine.30 
Indeed, some authors have called upon physicians to 
consider avoiding NNRTIs in patients with HIV-HCV 
co-infection.31

There are important differences between anti-
retroviral agents in their relative propensities to cause 
elevated levels of liver transaminases. Imperiale and 
co-workers recently presented data from the TARGET 
cohort (n = 2198),32 in which risks of hepatotoxic-
ity (ALT or AST >5 times the upper limit of normal) 
were assessed for a panel of widely used antiretroviral 
agents. As shown in Figure 3, nelfi navir was associated 
with the lowest risk of raised transaminases among 
the agents studied.

In another study, Dieterich and colleagues as-
sessed the effi cacy and safety of protease inhibitors 
in 1052 patients with HIV-HCV co-infection.33 Four 
hundred and twenty-eight of the patients received 
nelfi navir. These authors found that nelfi navir was 
numerically less likely than other protease inhibitors 
to be associated with grade 3 or 4 elevations in AST 
and ALT over at least a 3-month period (Figure 4). 
They concluded that, among the protease inhibitors, 
nelfi navir may warrant further consideration for use in 
patients with HIV-HCV co-infection.

As noted above, full-dose ritonavir has been asso-
ciated with relatively high rates of severe transaminase 
elevations. One hundred and seven patients in the 
study by Dieterich et al.33 were receiving dual protease 
inhibitor therapy, and some may have been receiving 
higher dosages of ritonavir (e.g. 400 mg bid) than are 
now generally recommended. This may have contrib-
uted to the higher rates of transaminase elevation 
observed among patients receiving protease inhibitors 
other than nelfi navir.

In summary, there is increasing recognition that 
patients with HIV-HCV co-infection may have differ-
ent treatment needs compared with non-HCV-infected 

Nelfi navir (NFV) may be associated with a lower risk of 
severe increases in ALT or AST (>5 times upper limit of 
normal) compared with other antiretroviral agents.32 

Figure 3
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patients, and that therapy should be individualized 
according to these needs. Nelfi navir appears to be 
associated with a very low risk of increases in liver 
transaminases, and may therefore be a suitable choice 
of treatment for these patients and, indeed, any patient 
in whom liver function is cause for concern. NNRTIs, 
in contrast, have been more frequently associated with 
severe hepatotoxicity, the risk of which appears to be 
increased in the presence of HCV infection.30

Summary
The HIV/AIDS population consists of numerous 

sub-populations, some of which may have distinct 
characteristics that infl uence treatment needs. Caution 
is necessary when applying the results of clinical trials 
to an individual or a group of individuals, particularly 
where there are signifi cant differences between the 
clinical trial population and the individual or group be-
ing treated in clinical practice.

Women with HIV and patients at risk of liver injury 
— including those with HIV-HCV co-infection — are 
two of the largest of these ‘defi ned patient popula-
tions’. Treatment needs differ in these populations, 
for physiological and pathophysiological reasons, and 
more research is needed to clarify which treatment 
strategies are optimal for these patients.

Emerging data suggest that, in addition to its prov-
en track record in HIV infection generally, nelfi navir is 
an effective and well-tolerated option that has a high 
margin of safety in both women with HIV infection and 
patients with HIV-HCV co-infection.
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Introduction
Boosted protease inhibitors (PIs) are now an established mode 

of treatment for patients with HIV or AIDS. Boosting with minidose 
ritonavir (100 mg bid; ‘r’) results in high and sustained plasma 
concentrations of co-administered PIs, with signifi cant improve-
ments in effi cacy. Three boosted PIs have now been licensed for 
use in Europe — saquinavir/r 1000/100 mg bid (both as Invirase/r 
and Fortovase/r), lopinavir/r 400/100 mg bid and amprenavir/r 
600/100 mg bid or 1200/200 mg qd. However, while boosting PIs 
has the potential to improve performance, there is some doubt as 
to whether all boosted PIs will be the same in terms of effi cacy or 
their propensity to cause adverse effects. As many HIV patients 
are now living longer due to highly active antiretroviral therapy 
(HAART), it is even more important to consider both the short- and 
long-term safety of treatment. 

Selecting the most appropriate antiretroviral therapy can be 
compared to choosing a special new outfi t. Not only do we consider 
whether it is the correct size and that the style and colour suits us, 
we also want to ensure that the outfi t is ‘timeless’ and will still be in 
vogue in a few years’ time. Similarly, when selecting a boosted PI, 
we need to ensure that, in addition to being effective, it also has a 
good safety and tolerability profi le to minimize the risk of toxicity in 
the long term. So how do different boosted PIs measure up against 
each other in terms of effi cacy and long-term safety?

The MaxCmin1 study — comparing the safety and effi cacy of 
indinavir/r 800/100 mg bid and saquinavir/r 1000/100 mg bid — is 
the fi rst-ever randomized, head-to-head comparison of boosted 
PIs. The study has shown that, while indinavir/r and saquinavir/r 
are both highly potent PIs, the superior tolerability of saquinavir/r 
over indinavir/r means that fewer patients need to discontinue or 
switch treatment, allowing more patients on saquinavir/r to main-
tain viral load suppression out to 48 weeks.

MaxCmin1 has been followed by the ongoing MaxCmin2 study, 
in which the effi cacy and safety of lopinavir/r 400/100 mg bid and 
saquinavir/r 1000/100 mg bid are being compared. The preliminary 
24-week results of MaxCmin2 are scheduled to be presented dur-
ing this conference.

While most people can fi t into standard-sized clothing, there 
are a few individuals who, despite trying many different outfi ts, may 
not be able to fi nd one that fi ts. These people require their outfi t to 
be ‘made to measure’. Similarly, with antiretroviral therapy, some 
patients are extremely limited in their treatment options because 
of resistance or toxicity. In such cases, it is particularly important 
to tailor treatment to the patient. A few studies have investigated 
the use of the double-boosted PI regimen saquinavir/lopinavir/r 
1000/400/100 mg bid, both with and without nucleoside reverse 
transcriptase inhibitors (NRTIs), in highly treatment-experienced 
patients, and have shown promising results. 
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Not all PIs demonstrate the same adverse 
event profi le

HAART has substantially improved the health and 
longevity of patients with HIV infection. This means 
that patients are living longer, making the long-term 
safety and tolerability of antiretroviral therapy even 
more important. The adverse events of PIs have been 
well described, but it is important to note that not all 
PIs have the same adverse event profi le, or the same 
impact on laboratory parameters such as lipid levels. 
This has been demonstrated recently in the fi rst-ever 
randomized, head-to-head comparison of boosted PIs 
— MaxCmin1.1

MaxCmin1: the fi rst head-to-head comparison 
of boosted PIs

MaxCmin1 compared indinavir/r 800/100 mg bid 
with saquinavir/r 1000/100 mg bid, in combination 
with dual NRTI therapy, in HIV-infected patients.1 The 
study included a heterogeneous group of 306 patients, 
of whom 25% were antiretroviral-naive, 60% were PI-
experienced and 30% were in CDC category C (AIDS) 
at baseline.

After 48 weeks, both treatments produced an im-
provement in the CD4 count and showed similarly high 
potency, with 90% of indinavir/r patients and 94% of 
saquinavir/r patients still on therapy having HIV RNA 
levels <400 copies/ml (Figure 1). However, analysis of 
the intent-to-treat/exposed/switch = failure (ITT/e/s) 
population, in which a switch from the randomized treat-
ment was considered a failure, highlighted quite differ-
ent results. This analysis demonstrated that signifi cantly 
more patients on saquinavir/r (68%) than indinavir/r had 
viral loads <400 copies/ml (P = 0.014; Figure 1). This dis-
parity between the treatment arms was primarily due to 
the larger number of switches (or discontinuations) due 
to adverse events within the indinavir/r arm of the study.

This was confi rmed by analysis of the tolerability of 
the two boosted PIs, This indicated that indinavir/r was 
less well tolerated than saquinavir/r, primarily because 
of its renal and dermatological adverse effects. Patients 
taking indinavir/r experienced signifi cantly more grade 
3 or 4 adverse events than patients taking saquinavir/r 
(104 vs 60; P = 0.04), which led to signifi cantly more 
treatment switches (28% vs 15%; P = 0.006; Figure 2).

Elevated lipid levels are associated with increased 
rates of cardiovascular disease and pancreatitis, and are 
one long-term safety parameter that can be assessed 
in current studies. The use of antiretrovirals that do 
not signifi cantly increase lipid levels is therefore desir-
able. PIs appear to have a varying propensity to affect 
lipid metabolism, and, therefore, fasting lipid levels were 
monitored in MaxCmin1. 

MaxCmin1 study: clinical non-fatal adverse events leading 
to permanent discontinuation of randomized treatment.1

Figure 2

MaxCmin1 study: percentage of patients with 
HIV RNA <400 copies/ml at 48 weeks.1
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Within the fi rst 4 weeks of the MaxCmin1 study, 
saquinavir/r was associated with a signifi cantly lower 
percentage increase from baseline in total cholesterol 
(8% vs 17%; P < 0.01), low-density lipoprotein (LDL)-
cholesterol (6% vs 21%; P < 0.01) and triglycerides 
(12.5% vs 28.5%; P < 0.05) than indinavir/r. At 48 
weeks, the percentage change in lipid levels remained 
similar to that seen at 4 weeks. The investigators from 
the MaxCmin1 study concluded that: ‘saquinavir/r has a 
more favourable toxicity profi le and comparable antiviral 
effects to indinavir/r in the doses studied. More patients 
in the saquinavir/r arm remained virologically suppressed 
on the study drug at week 48 — probably because of a 
better toxicity profi le.’

MaxCmin2: the second head-to-head 
comparison of boosted PIs

The MaxCmin2 trial was initiated in January 2002 
to compare the effi cacy, safety and tolerability of 
saquinavir/r 1000/100 mg bid and lopinavir/r 400/100 mg 
bid. The eagerly awaited preliminary 24-week results 
are scheduled to be presented at this congress.

Double PI boosting
Patients who have received extensive antiretroviral 

therapy and who have a high viral load may benefi t 
from double PI boosting, in which minidose ritonavir is 
used to boost two other PIs simultaneously. A number 
of small studies have investigated the use of the double 
PI boosting regimen saquinavir/lopinavir/r 1000/400/
100 mg bid with NRTIs. These studies have shown 
promising results in highly treatment-experienced 
patients with treatment failure on their current regi-
mens. For example, one study2 reported a decrease 
in viral load of 0.8 log10 copies/ml at 4 weeks in 
approximately 60% of patients, while three studies3–5 
demonstrated that 36–42% of patients maintained viral 
suppression after 24–48 weeks’ treatment (Table 1). 

Double PI boosting – without NRTIs
The adverse effect profi le of NRTIs is well described. 

Mitochondrial toxicity is commonly associated with 
NRTI treatment, and interference with the meta bolism 
of these organelles can lead to lactic acidosis. Similar-
ly, changes affecting the adipose tissue may promote 
body composition changes. Peripheral neuropathy 
is another commonly experienced event with some 
NRTIs.

In some patients, the use of NRTIs may be pre-
cluded by previous experience of signifi cant adverse 
effects. In still others, accumulating drug resistance 

may mean that treatment-experienced patients have 
HIV that is no longer susceptible to any currently avail-
able NRTI.

Staszewski et al.6 therefore evaluated the effi cacy 
of an NRTI-sparing, double boosted PI regimen. In this 
ongoing study, 42 patients with limited NRTI options 
due to resistance or toxicity were treated with 
saquinavir/lopinavir/r 1000/400/100 mg bid alone. The 
results, to date, are promising, showing an almost 
two-fold elevation in CD4 count and a reduction of 3.5 
log10 copies/ml, maintained out to 24 weeks (Figure 3). 
These preliminary data indicate that PI double boost-
ing may represent a potential NRTI-sparing strategy, 
and suggest that further study may be warranted.

Treatment of patients with limited nucleoside analogue 
options using saquinavir/lopinavir/r 1000/400/100 mg bid.6

Figure 3

Trials of saquinavir/lopinavir/r 
1000/400/100 mg bid + NRTIs.

Study author n Effi cacy

Smith et al.2 36 61% > –0.8 log at week 4 
Ruiz et al.3 24 36% < 80 copies/ml at 24 weeks
Hellinger et al.4 28 42% < 50 copies/ml at 24 weeks
Zala et al.5 23 40% < 500 copies/ml at 48 weeks

Table 1



18

Summary and conclusion
Improvements in the overall treatment of patients 

with HIV and AIDS have highlighted the need for 
drugs with better long-term safety and tolerability pro-
fi les. While boosted PIs provide an effective treatment 
for HIV infection, they are not all equally well tolerated. 
The MaxCmin1 study showed clearly that good toler-
ability is key to effective treatment, and that, regard-
less of its effi cacy, patients will discontinue a boosted 
PI if it causes excessive toxicity.

Saquinavir/r 1000/100 mg bid was clearly a ‘good 
fi t’ for many patients in MaxCmin1. While saquinavir/r 
and indinavir/r were both highly potent, head-to-
head comparison showed that saquinavir/r was bet-
ter tolerated at the dosages studied. Fewer patients 
on saquinavir/r switched or discontinued treatment, 
allowing more patients to remain on therapy and to 
achieve and maintain undetectable viral loads.

Tailoring treatment to the patient is important in 
those with limited options due to resistance or toxicity. 
In such cases, double PI boosting with saquinavir/
lopinavir/r 1000/400/100 mg bid appears to be an 
effective option.

Additional head-to-head comparisons of boosted 
PIs will further clarify the differences between PIs in 
terms of their tolerability and safety profi les. The results 
of the most recent head-to-head study, MaxCmin2, are 
awaited with interest.
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Introduction
Only 10 years ago, patients with HIV infection and their physicians had little 

choice when it came to selecting antiretroviral therapy — only three agents were 
available, and they all belonged to the same drug class. Since then, the number of 
antiretroviral compounds available has increased rapidly, so that we now have around 
16 individual agents in three different drug classes that we can combine in numerous 
ways to form highly active antiretroviral therapy (HAART).

We now face a dilemma of an entirely different kind: with so many different op-
tions, how do we choose the best regimen for our patients? What criteria should we 
base our decisions on, and which of these should receive the greatest weighting?

A key point is tailoring antiretroviral therapy that is acceptable to patients — and 
again, what is acceptable to one patient is unlikely to be acceptable to all patients. In 
antiretroviral therapy, one size does not fi t all.

Drug safety is emerging as a key factor that determines patient acceptability and 
hence long-term success of anti-HIV therapy. Better tolerated antiretroviral agents 
with few long-term adverse effects — including, among the protease inhibitors (PIs), 
nelfi navir and saquinavir/ritonavir (saquinavir/r; 1000/100 mg bid) — have a good 
chance of success over many months and years, primarily because they are less likely 
to cause the debilitating adverse effects or major organ toxicities seen with many 
other agents.
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Although HAART has proved extremely success-
ful in reducing the morbidity and mortality associ-
ated with HIV infection,1 many patients still have major 
reservations about starting therapy, and a substantial 
proportion choose to defer treatment to a later date. 
Those who do begin treatment may experience diffi cul-
ties adhering to their regimen, and many will stop or 
change to a different regimen within a year. Why?

Data from the Swiss HIV Cohort Study2 and other 
studies3−6 have provided some clues. Fear of adverse 
effects appears to be a major reason — and, in some 
studies, the most important reason — why patients re-
fuse HAART when it is recommended to them by their 
physician.2,3 Similarly, the frequency and severity of ad-
verse effects have been identifi ed as a major barrier to 
adherence with HAART.4,5 In addition, the ICONA study 
group6 estimated that nearly 60% of therapy discon-
tinuations at 45 weeks of treatment were related to un-
acceptable adverse effects; in contrast, therapy failure 
accounted for <15% of treatment withdrawals in the 
same study (Figure 1). Thus, adverse effects are major 
barriers to effective antiretroviral treatment. 

Safety is a major driver of treatment success
Two recent randomized clinical trials — the BID 

Effi cacy and Safety Trial (BEST)7 and MaxCmin18 
— strongly support these fi ndings. In BEST, patients 
already receiving indinavir 800 mg tid plus nucleoside 
support (n = 323) were randomized to either continue 
this regimen (n = 162) or to switch to boosted indi-
navir (indinavir 800 mg bid plus ritonavir [‘r’] 100 mg 
bid; n = 161). Despite its more convenient twice-daily 
administration schedule, indinavir/r was associated 
with signifi cantly fewer patients achieving virological 
undetectability (<500 or <20 copies/ml) at 48 weeks 
(Table 1).

Discontinuation due to adverse effects was the 
main reason for this difference: toxicity-related dis-
continuations numbered 18 in the indinavir group, 
compared with 48 in the boosted indinavir group. In 
contrast, only one and three patients in each group, 
respectively, withdrew because of virological failure.

The 48-week results of the MaxCmin1 trial con-
fi rm and extend these fi ndings.8 In MaxCmin1, pa-
tients were randomized to receive either saquinavir/r 
1000/100 mg bid (12 pills per day; n = 148 treated) 
or indinavir/r 800/100 mg bid (6 pills per day; n = 158 
treated) in addition to nucleoside analogue support. 
At 48 weeks, 41% of indinavir/r recipients had per-
manently discontinued randomized treatment because 
of a clinical adverse effect, compared with 28% of 
patients in the saquinavir/r arm (P = 0.025 saquinavir/r 
vs indinavir/r). Consequently, the proportion of patients 
who had HIV RNA <400 copies/ml at 48 weeks was 
higher in the saquinavir/r group (68% vs 53% with 
indinavir/r) by intent-to-treat (switch = failure) analysis. 
This difference was statistically signifi cant (P = 0.014). 
Interestingly, only fi ve patients discontinued treatment 
because of virological failure.

One message is therefore clear. Within their fi rst 
year of treatment, patients appear to be at risk of 
discontinuing their HAART regimen — regardless of 
its pill count or frequency of dosage — if it is not well 
tolerated. However, all drugs, including antiretrovirals, 

Reasons for treatment discontinuation at 45 weeks 
(from the Italian Cohort Antiretroviral Naive [ICONA] 
Study Group).6

Figure 1

Percentage of patients with undetectable viral loads after 48 weeks’ treatment with either 
indinavir or indinavir/r (plus nucleoside analogues) in the BEST trial (intent-to-treat analysis).7

Outcome measure Indinavir tid (n = 162) Indinavir/ritonavir 
bid (n = 161)

P-value

HIV RNA <500 copies/ml
HIV RNA <20 copies/ml

74%
63%

57%
51%

<0.001
<0.001

Table 1
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Incidence of adverse events (% of patients) as reported from the European summary of product 
characteristics (indinavir, saquinavir, nelfi navir, ritonavir)9 or the US product labelling (lopinavir/r).10

Adverse event Indinavira
Saquinavir-
SGCb Nelfi navirb Ritonavira Lopinavir/rc

Nausea 35.3 10.6 4.5 47.5 6.7

Vomiting 11 2.9 23.6 2.5

Diarrhoea 24.6 19.9 25.9 44.9 15.6

Dyspepsia 10.7 8.4 Frequently 2.1

Taste perversion 19.1 >2 11.4

Abdominal pain 14.6 2.3 11.6 4.0

Acid regurgitation 6.5

Headache 25.2 5.0 15.5 2.5

Rash 19.1 3.0 Frequently 0.6

Fatigue/asthenia 24.3 4.7 22.3 4.0

Renal calculi 4.0

Dry skin 16.2

Flatulence 7.8 5.7 2.5 Occasionally

Insomnia 7.4 Occasionally 1.5

Pruritus 7.4

Hyperaesthesia 7.1 Frequently

Dry mouth 6.8 Occasionally

Dysuria 6.5

Paraesthesia 5.2 Peripheral 15.4

Perioral 26.6

Myalgia 5.2 >2 Occasionally

Dizziness 10.7 Frequently

Vasodilation Frequently

a Assessed as at least possibly related to drug therapy.
b Adverse effect of moderate or severe intensity, considered possibly related to drug therapy.
c Adverse effect of moderate or severe intensity, with probable, possible or unknown relationship to study drug.
SGC = soft-gelatin capsule.

Some signature adverse effects of protease and non-nucleoside reverse transcriptase inhibitors.

Drug Signature adverse effects

Amprenavir
Atazanavir
Efavirenz
Indinavir
Lopinavir/ritonavir
Nelfi navir
Nevirapine
Ritonavir
Saquinavir

Rash; hyperlipidaemia; gastrointestinal adverse effects
Jaundice
CNS adverse effects e.g. anxiety, insomnia; rash; hepatotoxicity
Nephrolithiasis
Hyperlipidaemia, diarrhoea
Diarrhoea
Hepatotoxicity; dermatological adverse effects (sometimes severe)
Gastrointestinal adverse effects; hepatotoxicity; hyperlipidaemia
Gastrointestinal adverse effects

‘Signature’ adverse effects are those that are often cited as adverse effects of each drug. The inclusion of an adverse effect in 
this table is not to be taken as a statement of its frequency or severity in association with that agent.

Table 2

Table 3
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have adverse effects; ‘signature’ adverse effects of PIs 
and non-nucleoside reverse transcriptase inhibitors 
(NNRTIs) are shown in Table 2. Our aim, therefore, 
should be to utilize those agents that we believe to 
have the best tolerability and safety profi les.

As Table 2 shows, there are important differences 
between antiretroviral agents in terms of the types of 
adverse effects that they cause, their severity, and their 
potential impact on quality of life. 

Nelfi navir and saquinavir/r have superior toler-
ability compared with many other antiretrovirals

A recent comparative safety review (Table 3) in-
dicates that, among the PIs, nelfi navir and saquinavir 
have favourable tolerability profi les.9 The adverse ef-
fects of nelfi navir and saquinavir are mostly gastro-
intestinal in nature, and extensive clinical experience 
suggests that patients receiving either drug are un-
likely to experience major organ toxicities or to discon-
tinue therapy because of adverse effects.

In their study of 556 patients receiving HAART at 
a single UK treatment centre, Mocroft et al. found that 
the risk of treatment modifi cation or discontinuation 
during a median follow-up period of 14.2 months was 
reduced for older patients, those who were treatment-
naive, and those who were receiving nelfi navir.11 The 
investigators commented that these results appeared 
to be consistent with reports of the favourable toler-
ability profi le of nelfi navir.

The ability of patients to remain on a therapy ap-
pears to be closely linked to its tolerability and safety. 
This is further illustrated by the long-term results of 
Study AG511.12 In this study, 94.4% (34/36) and 86.1% 
(31/36) of patients remaining on nelfi navir-based 
HAART after 4 years had a viral load <400 and <50 
copies/ml, respectively. Safety analysis revealed that 
most patients did not experience adverse effects 
(above grade 1 in severity) on nelfi navir-based therapy. 
Of those who did, the vast majority occurred during 
the fi rst year of therapy, with very few adverse effects 
in later years (Figure 2): only two patients reported di-
arrhoea after the end of the fi rst year.

As mentioned above, diarrhoea is considered by 
many physicians to be the ‘signature’ adverse effect 
of nelfi navir; however, evidence from clinical trials 
suggests that, in fact, diarrhoea is a class effect of 
PIs that occurs with similar frequency irrespective of 
the specifi c agent used (Table 3). In study M98-863, 
for example, diarrhoea occurred with similar fre-
quency among patients receiving either nelfi navir- or 
lopinavir/r-based HAART for 48 weeks (17.1 vs 15.6%, 
respectively).13 Studies suggest that most patients with 
nelfi navir-associated diarrhoea experience improve-

ment or complete resolution of their symptoms when 
treated with calcium carbonate 500 mg bid or loper-
amide 2 mg three times weekly, in addition to dietary 
advice.14

HAART to heart: avoiding long-term toxicities
Tolerability — that is, the propensity of a drug or 

regimen to cause adverse effects that affect day-to-
day quality of life — is therefore very important to pa-
tients. As discussed above, poor tolerability is the most 
common reason for treatment discontinuation, and is 
frequently implicated when patients do not adhere 
well to therapy or decide not to begin HAART when it 
is offered to them.

HIV infection is currently managed as a chronic 
infection — with treatment considered to be life-long. 
Evidence is emerging that our HAART-treated patients 
are no longer dying of HIV-related causes, but are 
succumbing to other illnesses that are exacerbated 
or unmasked by antiretroviral therapy. Heart disease 
is increasing in frequency as a cause of death among 
HIV-infected people;15 there may be several factors 
driving this change:
−  older age is a known risk factor for cardiovascu-

lar disease; the success of HAART in preventing 
AIDS-related death has meant that more patients 
are living to an age where they are at increased 
risk for myocardial infarction, angina and other 
types of cardiovascular disease

−  there may be relatively high rates of pre-existing 
cardiovascular risk factors among the HIV-infected 
population. For example, 54% of a sample of >200 

Distribution of adverse events over time in study 511.12

Figure 2
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HIV-infected patients from San Francisco, USA, in-
dicated that they smoked cigarettes,16 a fi gure that 
is well above the national average

— antiretroviral therapy has been associated with 
pro-atherogenic changes in plasma lipid levels, 
and these changes may increase the risk of future 
cardiovascular morbidity.

When selecting treatment regimens for our 
patients, we must therefore pay more attention to 
preventing all-cause morbidity and mortality rather 
than focusing only on opportunistic infections and 
malignancies. To do this, we need to select therapies 
that have a lower potential to cause adverse effects 
with long-term consequences — for example, hyper-
lipidaemia.

Nelfi navir and saquinavir/r 1000/100 mg bid 
have less effect on plasma lipid levels than 
some other PIs

There are important differences between individual 
PIs in terms of their relative abilities to cause hyperlipi-
daemia: for example, nelfi navir and saquinavir/r (1000/
100 mg bid) appear to have comparatively little effect 
on plasma lipid levels. Study M98-863 found, at 48 
weeks, grade 3 or 4 hypertriglyceridaemia in only 1.3% 
of patients taking nelfi navir, compared with >9% in 
lopinavir/r patients (Figure 3; P < 0.001).13 Interestingly, 
the risk of severe hypertriglyceridaemia with lopinavir/r 
appears to increase with the degree of previous expo-
sure to PIs;18−20 up to 40% of multiple PI-experienced 
patients receiving lopinavir/r 400/100 or 533/133 mg bid 
may have triglyceride levels >750 mg/dl (>8.5 mmol/L).

Not all ritonavir-boosted PIs appear to cause sig-
nifi cant lipid toxicity, however. Several studies have now 
provided data suggesting that treatment with saquina-
vir plus low-dose ritonavir (100 mg bid) has very little 
effect on serum lipid levels, even in highly treatment-
experienced patients.8,21

In the MaxCmin1 trial (see above for details), total 
cholesterol, triglyceride and low density lipoprotein 
(LDL)-cholesterol levels were measured at baseline 
and 48 weeks after starting either indinavir/r 800/100 
mg bid or saquinavir/r 1000/100 mg bid in all patients. 
Between baseline and 48 weeks, only minor increases 
(<10%) in each parameter were observed in the 
saquinavir/r group. Importantly, saquinavir/r was as-
sociated with minimal changes (+2.5%) in LDL-choles-
terol levels. In contrast, indinavir/r was associated with 
much larger changes in lipid levels, and the difference 
between the groups in the magnitude of change at 48 
weeks was statistically signifi cant for both cholesterol 
and triglycerides (Figure 4).

Nelfi navir (750 mg tid): less lipid toxicity than lopinavir/r (400/
100 mg bid) in study M98-863 at week 48.13 These results were 
confi rmed at week 60 (data not shown).17

Figure 3

Percentage changes in total cholesterol, low density lipoprotein 
cholesterol (LDL) and triglyceride levels, between baseline and 
48 weeks, among patients receiving either indinavir/r 800/100 
mg bid or saquinavir/r 1000/100 mg bid in the MaxCmin1 trial.8 

Figure 4
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Traditionally, hyperlipidaemia has been ascribed 
to the use of PIs, but evidence is emerging that drugs 
in other classes may play an important role.22−24 In a 
recent study of antiretroviral-naive patients with HIV 
infection,23 changes in mean LDL-cholesterol, total 
cholesterol and triglyceride levels between baseline 
and week 48 were higher for patients receiving stavu-
dine-based HAART (n = 83) than for those receiving 
zidovudine-based HAART (n = 89). Similarly, the 48-
week results of study 903, in which the effects of two 
PI-sparing regimens (efavirenz plus lamivudine plus 
either tenofovir or stavudine) were compared in an-
tiretroviral-naive patients, showed that stavudine was 
associated with signifi cantly (P < 0.001) greater mean 
increases in triglyceride and total cholesterol levels 
compared with tenofovir.24

Recently, Haubrich and colleagues presented the 
results of a study suggesting that there was little dif-
ference between nelfi navir and efavirenz in terms of 
their effects on fasting lipid levels over 24 weeks.25

Additionally, O’Brien and co-workers have shown 
that patients switching to saquinavir/r 1000/100 mg 
bid from regimens containing higher dosages of rito-
navir (400 mg bid) may experience improvements in 
their serum lipid profi les.26

Taken together, these data suggest that nelfi navir 
and saquinavir/r may be associated with lower long-
term risks of cardiovascular disease, and a potentially 
reduced need for adjunctive lipid-lowering therapy, 
than some other PIs.

Summary and conclusion
Data are emerging which indicate that tolerability 

and safety are key factors in determining the accept-
ability of HAART to patients. Not only do adverse 
effects, or the fear of them, deter patients from com-
mencing HAART — even when it is clinically indicated 
— but they can also act as a signifi cant barrier to ad-
herence and a major reason for early treatment dis-
continuation or modifi cation. We must, therefore, tailor 
antiretroviral therapy to avoid toxicities that are likely 
to lead patients to miss doses, or to want to change 
or stop their treatment too early. Individualization is 
the key, because there will be important differences 
between patients in their abilities to tolerate different 
adverse effects.

Among PIs, nelfi navir (1250 mg bid) and 
saquinavir/r (1000/100 mg bid) appear to have fa-
vourable tolerability and long-term safety profi les that 
make them valuable options in the treatment of HIV 
infection. Their adverse effects are mainly gastroin-
testinal in nature, and data on nelfi navir suggest that 
its adverse effects do not usually lead to treatment 

modifi cation or discontinuation.11 Diarrhoea, the most 
frequently cited adverse effect of nelfi navir, has been 
shown to be mainly mild or moderate in severity, and 
can be easily controlled using calcium carbonate or 
loperamide.14

Hyperlipidaemia is an adverse effect that is often 
ascribed to the use of PIs; however, it is becoming 
clear that there are important differences between 
individual PIs in this regard, and that agents in other 
drug classes may also be involved. Large, random-
ized clinical trials8,13 have indicated that nelfi navir, 
and saquinavir/r 1000/100 mg bid, may be less likely 
than some other PIs to cause hypertriglyceridaemia 
or hypercholesterolaemia. Other studies show that 
reductions in cholesterol and triglyceride levels can 
be achieved when patients with hyperlipidaemia are 
switched to saquinavir/r 1000/100 mg bid26 or to nel-
fi navir.27

Whether a particular antiretroviral regimen will suit 
an individual patient is dependent on many factors; 
however, we know that safety is central to patient ac-
ceptance of therapy. Choosing therapy that is tolerable 
for patients is, therefore, an important step in maximiz-
ing the probability of long-term success.
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Introduction
In the mid-1990s, HIV therapy moved to a new level with the introduction of 

protease inhibitors (PIs) – an advance that heralded the arrival of highly active anti-
retroviral therapy (HAART). PIs revolutionized the management of HIV infection and 
brought with it a dramatic decline in morbidity and mortality. HAART has become the 
basis of our therapeutic strategy, but its long-term use, particularly in patients who 
are highly treatment-experienced, may be associated with extensive drug resistance. 
Many patients now have limited treatment options. It is perhaps this group of patients 
for whom there is currently the greatest need for therapeutic innovation in the fi eld of 
HIV medicine.

It is therefore encouraging that, once again, we are anticipating new HIV treat-
ment strategies that may help patients who are most in need. Enfuvirtide (T-20) is 
the most advanced compound in an entirely new class of antiretroviral agents with 
a unique mechanism of action — the fusion inhibitors. The recently presented results 
of Phase III clinical trials showed that enfuvirtide, in combination with individual-
ized background therapy, produces clinically meaningful and statistically signifi cant 
therapeutic benefi t, offering renewed hope for many patients with advanced infection, 
multidrug-resistant virus and limited treatment options. Data from these studies also 
suggest that enfuvirtide has a good safety profi le and, perhaps surprisingly, patient 
acceptance of its subcutaneous mode of administration is high. Taken together, these 
results suggest that enfuvirtide is set to become an important new thread in the fabric 
of HAART.
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A new class offering new hope 
Currently available antiretrovirals act intracellularly, 

after HIV has entered the host CD4 cell and begun to 
replicate. Targets for intracellular HIV inhibition include 
the reverse transcriptase and protease enzymes, which 
play pivotal roles in the transcription of viral genetic 
material and the production of new viral components, 
respectively. Unlike conventional antiretrovirals, fusion 
inhibitors — a new class of drugs – block HIV before it 
can enter CD4 cells. This extracellular mode of action 
is unique, and underpins the performance of the fi rst 
fusion inhibitor to be developed — enfuvirtide (T-20). 
Now being tested in Phase III clinical trials, enfuvirtide 
is the most clinically advanced fusion inhibitor that is 
currently undergoing evaluation.

Its extracellular mode of action also provides a 
theoretical basis for clinical observations that have 
been made thus far, including its effi cacy in patients 
with multidrug-resistant virus, its apparent lack of drug 
interactions, and its encouraging safety profi le. Indeed, 
if, as it appears, enfuvirtide does not substantially enter 
CD4 or other cells, then the potential for interaction 
with cellular metabolic processes will be minimal. This 
may reduce its potential to cause systemic toxicities, 
which is important because tolerability is one of the 
key factors that affects treatment adherence.1

How exactly does enfuvirtide exert its extracellular 
inhibitory effects? First, we need to re-cap on the pro-
cess of viral entry. This is thought to proceed via three 
different but co-operative steps, known as:
— attachment
— co-receptor binding
— fusion.

Attachment occurs through interaction between 
the gp120 molecules on the surface of the virus and 
the CD4 receptor molecules on the surface of CD4 
cells. A conformational change then takes place that 
allows gp120 to interact with co-receptors (CXCR4 or 
CCR5), which are also located on the CD4 cell surface 
(Figure 1). It is thought that there is then a further con-
formational change that allows the viral gp41 molecule 
to be inserted into the cell membrane, rather like a 
harpoon piercing the skin. An interaction then occurs 
in which coiled regions of gp41 (HR1 and HR2) form a 
bundle; gp41 then contracts, or ‘zips’, bringing the viral 
and cell surfaces together. This allows fusion of the 
viral envelope and host cell membrane to take place 
(Figure 2).

By binding to the HR1 region, enfuvirtide prevents 
the contraction or ‘zipping’ action of gp41, thereby pre-
venting fusion of the virus with the cell (Figure 3).

What is the exact nature of enfuvirtide? Enfuvirtide 
is a peptide molecule — much larger than conventional 

antiretroviral agents such as saquinavir or zidovudine 
(Figure 4). Its size and physicochemical properties 
make it a most complex molecule: its synthesis alone 
consists of 106 separate steps. As a peptide, enfu-
virtide would be rapidly digested in the gastrointes-
tinal tract. Consequently, it must be administered by 
subcutaneous injection. While this might have been 
expected to be a signifi cant barrier to the successful 
use of enfuvirtide, patient surveys performed as part of 
clinical trials have suggested that this is not generally 
the case.2

Addressing a current unmet need in HIV infection
Since the advent of HAART, the signifi cant in-

crease observed in life expectancy and quality of life 
for people living with HIV has been dramatic. However, 
in the absence of complete viral suppression, viral rep-
lication and mutation continues, and the emergence of 
resistance and subsequent (virological) treatment fail-
ure inevitably follows. We have already seen signifi cant 
evidence to show that not only is there an increas-
ing number of treatment-experienced patients with 
multidrug-resistant forms of HIV (Figure 5),3 but that 
there is an increase in the number of newly diagnosed 
people who have resistant viral strains.4 The net result 
of these trends is that there is a large and growing 
number of patients with limited, or reduced, treatment 
options. Therefore, we clearly need new antiretroviral 
agents that are active against HIV strains with resis-
tance to conventional antiretroviral drugs.

Effi cacy of enfuvirtide (T-20)
Phase II trials of enfuvirtide provided strong data 

to support its further clinical development. Despite the 
fact that patients recruited to trial T20-205 (n = 70) 
were heavily treatment-experienced, adding enfuvirtide 
to conventional oral antiretrovirals was associated with 
a rapid and, in many patients, durable reduction in 
mean viral load from baseline, of 1.4 log10 copies/ml 
over 48 weeks (on-treatment analysis).5 Similarly, in 
the T20-206 trial,6 treatment-experienced patients with 
viral loads >400 copies/ml at baseline were random-
ized to receive either a fi xed oral antiretroviral regimen, 
or the same fi xed regimen plus enfuvirtide (at one of 
three different dosages). Patients in this study were 
PI- and nucleoside analogue-experienced, but non-
nucleoside reverse transcriptase inhibitor (NNRTI)-
naive. At 48 weeks, 47% of patients receiving any dose 
of enfuvirtide plus oral antiretrovirals had achieved a 
viral load <50 copies/ml, compared with 37% of those 
who received oral antiretrovirals only (intent-to-treat, 
missing = failure analysis).



30

Enfuvirtide, shown here as a yellow coil, blocks 
the process by which HIV fuses with the CD4 
cell by binding to the viral envelope glyco-
protein gp41 and preventing its two regions, 
HR1 and HR2, from ‘zipping’ together.

Figure 3

Co-receptor binding (see Figure 1) induces a 
further conformational change in gp120, which 
exposes the gp41 envelope protein. This protein 
has two heptad repeat (HR) regions, HR1 and 
HR2, which ‘zip’ together, pulling the viral enve-
lope closer to the surface of the CD4 cell until 
they are close enough to fuse. This process is 
called ‘fusion’.

Figure 2

HIV gains entry to CD4 cells via a process that 
involves three steps. This fi gure shows the fi rst 
two of these: attachment of the viral envelope 
glycoprotein gp120 to the CD4 receptor on the 
host cell, and subsequent binding to the cell-
surface co-receptors (CXCR4 or CCR5). The 
latter step is brought about by conformational 
change in gp120.

Figure 1
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Following on from these early results, the primary 
24-week analyses of Phase III studies of enfuvirtide 
have been presented.7,8 These trials, designated TORO 
1 and TORO 2, enrolled HIV-1-infected patients who 
were triple class-experienced and/or had documented 
resistance to each of the three classes of conventional 
antiretroviral agents. Prior to randomization, an opti-
mized background (OB) regimen consisting of three 
to fi ve approved (including up to two experimental) 
antiretroviral agents was selected for each patient, 
based on their prior treatment history and HIV geno-
type and/or phenotype.

Patients were randomized 2:1 to receive enfuvirtide 
(90 mg bid) plus OB, or OB alone (control arm). In the 
TORO 1 and TORO 2 studies, respectively, 491 and 504 
HIV-1-infected patients were randomized, received at 
least one dose of study drug and provided at least one 
on-treatment assessment. In the TORO 1 study (con-
ducted in North America and Brazil),7 patients who re-
ceived enfuvirtide as part of their combination regimen 
achieved a median reduction in HIV RNA levels of 
1.70 log10 copies/ml, compared with a reduction of 
0.76 log10 copies/ml for those randomized to the control 
arm. The difference in the magnitude of decrease in 
viral load between the two arms was 0.93 log10 copies/
ml and was statistically signifi cant (P < 0.0001).

In the TORO 2 study (conducted in Europe and 
Australia),8 patients who received enfuvirtide as part 
of their combination regimen achieved a median 
reduction in HIV RNA levels of 1.43 log10 copies/ml, 
compared with a reduction of 0.65 log10 copies/ml 
for those who were randomized to the control arm 
(Figure 6). The difference in the magnitude of 
decrease in HIV RNA between the two arms was 
0.78 log10 copies/ml and was statistically signifi cant 
(P < 0.0001).8

In addition, secondary analyses also showed that, 
in both studies, patients receiving enfuvirtide were 
around twice as likely to achieve an undetectable viral 
load as those who did not receive enfuvirtide. Fur-
thermore, time to virological failure was signifi cantly 
longer among enfuvirtide recipients compared with 
patients in the control arm.7,8

It should also be noted that the benefi ts of 
enfuvirtide were not restricted to viral suppression. 
Enfuvirtide therapy was also associated with sig-
nifi cantly greater changes in CD4 count at 24 weeks 
(versus baseline) in both TORO 1 and TORO 2, com-
pared with control (+76 vs +32 cells/mm3 in TORO 1; 
P = 0.0001; +65 vs +38 cells/mm3 in TORO 2; P = 0.0236 
for enfuvirtide vs control). To observe such increases 
in CD4 count in such advanced patients is important, 
given that these patients are at high risk of opportu-
nistic infection.

Enfuvirtide
Molecular weight 4492

Zidovudine
Molecular weight 267

Saquinavir mesylate
Molecular weight 767

Structural formulae and molecular weights of saquinavir, 
enfuvirtide and zidovudine. Enfuvirtide is the largest and 
most complex peptide ever manufactured on a large scale 
for therapeutic use.

Figure 4
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Safety and tolerability of enfuvirtide
Many toxicities associated with conventional an-

tiretroviral agents that work inside the cell might be 
expected to result from interference with intracellular 
physiological processes or interactions with cellular 
receptors. Because enfuvirtide does not appear to 
accumulate inside cells, and interacts specifi cally with 
HIV-1 gp41 extracellularly, the potential for this agent 
to cause intracellular toxicity is reduced.

In addition, enfuvirtide is less likely to exacerbate 
the adverse effects observed with conventional anti-
retroviral agents. Phase II and III studies showed that 
enfuvirtide is well tolerated and does not appear to be 
commonly associated with major systemic toxicities. In 
the TORO trials, adverse events in the enfuvirtide + OB 
arms were similar to those seen in the control arms, 
with the exception of injection site reactions (ISRs; 
see below).7,8 ISRs aside, the events most frequently 
reported in patients taking enfuvirtide plus OB in 
TORO 2 were diarrhoea (19.9%, compared with 20.1% 
in the control group) and nausea (11.3% compared 
with 14.8% in the control group).8 It is also promising 
to note that most patients had little or no change in the 
toxicity grade of laboratory parameters.

The most frequent adverse events associated with 
enfuvirtide in clinical trials have been localized ISRs. 
These occur in almost all patients and are generally 
mild to moderate in severity; importantly, they are rare-
ly treatment-limiting. In trials TORO 1 and TORO 2,7,8 
approximately 3% of patients over 24 weeks discontin-
ued enfuvirtide therapy because of ISRs, which sug-
gests that most patients are able to tolerate them. 

Clearly, with enfuvirtide being administered as a 
subcutaneous injection twice daily, consideration has 
to be given to the potential impact of this drug on 
patients’ quality of life and ability to perform activities 
of daily living. To date, two analyses have been con-
ducted with this in mind — the Subcutaneous Injection 
Survey (SIS),9 which assessed 547 patients from both 
Phase III TORO trials at 8 weeks, and the activities of 
daily living survey from the T20-205 trial, with assess-
ment at 48 weeks.2

Both of these surveys showed that the storage 
and preparation of enfuvirtide are generally easy for 
patients and, importantly, that self-injection of enfu-
virtide is simple to perform for most patients. In the 
SIS, 66% of patients said that they found self-injection 
of enfuvirtide to be ‘easy’ or ‘very easy’.9 The surveys 
also showed that, generally, enfuvirtide has little or 
no impact on patients’ abilities to perform activities of 
daily living (Figure 7).2

Prevalence of resistance to currently available antiretroviral drugs 
among people with HIV infection (n = 1080) who were tested in 
1999 in the US.3 

Figure 5

Changes in log10 HIV viral load (least squared means; intent-
to-treat last observation carried forward) among treatment-
experienced patients who received either enfuvirtide (ENF; 
90 mg bid) plus optimized background (OB) therapy, or OB 
therapy alone, for 24 weeks in study TORO 2.8

Figure 6
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Summary
Enfuvirtide is the fi rst agent in a new class of an-

tiretroviral drugs. It is a fusion inhibitor, which means 
that it blocks HIV before it can enter CD4 cells. This 
extracellular mode of action is unique and provides the 
theoretical basis for the observed effi cacy and safety 
of enfuvirtide in patients with multidrug-resistant vi-
rus, its lack of cross-resistance, and its lack of drug 
interactions in clinical trials.

Enfuvirtide has demonstrated clinically meaningful 
and statistically signifi cant therapeutic benefi t in heav-
ily treatment-experienced patients. In Phase III trials, 
patients who received enfuvirtide plus OB therapy 
were twice as likely to achieve an undetectable viral 
load than patients who received OB only.7,8 Similarly, 
patients who received enfuvirtide had approximately 
twice the increase from baseline in CD4 count over 24 
weeks than patients who did not. These are important 
benefi ts of enfuvirtide in a patient population that is 
diffi cult to treat.

Enfuvirtide appears to be well tolerated and does 
not seem to be associated with systemic toxicities. The 
most commonly observed adverse effect of enfuvirtide 
is localized injection site reactions, which are usually 
mild to moderate in severity and, in clinical trials, have 
resulted in only 3% of patients choosing to discontinue 
their therapy. In surveys, most patients have shown 
acceptance of twice-daily enfuvirtide injections, and, 
promisingly, the impact of enfuvirtide on patients’ 
abilities to perform activities of daily living appears to 
be minimal.

In summary, enfuvirtide represents an important 
new thread in the fabric of HAART, and it offers new 
hope for treatment-experienced patients who have 
limited treatment options. 

Impact of enfuvirtide on activities of daily living, as assessed 
in 547 patients enrolled in Phase III trials of enfuvirtide.9 
Patients were asked: ‘How much have injections limited 
your ability to perform the following daily activities?’

Figure 7
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Introduction
Until now, antiretroviral agents have been available for oral 

administration; enfuvirtide is the fi rst antiretroviral agent that is 
given by subcutaneous injection. Nurses, therefore have a key role 
in assessing, training, motivating and supporting patients as they 
attempt to weave enfuvirtide therapy into their daily lives.
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Before therapy begins
The involvement of a specialist HIV nurse could 

have a profound impact on patients’ use and accep-
tance of enfuvirtide. From the outset, the patient needs 
to be well informed, motivated and both willing and 
able to take the drug on a regular basis. Even before 
enfuvirtide is started, nurses can provide an assess-
ment of patients’ suitability for therapy. First, a prior 
knowledge of the patient and their history of compli-
ance with other medications is useful to enable nurses 
to assess factors such as their home life and the avail-
ability of support from family or friends. Time spent 
with patients before commencing therapy is crucial in 
ensuring long-term adherence to therapy.

Key areas that need to be assessed before therapy 
begins are:
— What is the patient’s home life like? What are their 

personal circumstances? Are these compatible 
with enfuvirtide therapy?

— What is the patient’s lifestyle like? For example, 
do they work irregular hours and, if so, might this 
interfere with their ability to adhere to therapy? Do 
they have to travel frequently because of work?

— Does the patient live alone, or do they live with 
someone who might be able to help with injec-
tions?

— Do they have any physical problems or disabilities 
than might make it diffi cult to reconstitute enfu-
virtide, use aseptic technique or administer the 
injection?

— Are they afraid of injections?
— Does the patient have diffi culties adhering to 

conventional antiretrovirals? Might this suggest a 
predisposition to poor adherence to enfuvirtide? 

By reviewing these types of issues together, the 
nurse and patient can put together a dosage schedule, 
ensure appropriate referrals and involvement of the 
multidisciplinary team, so that enfuvirtide fi ts into that 
particular patient’s lifestyle.

An important point for all healthcare professionals 
working with patients who are receiving enfuvirtide is 
the important role they can play in ‘normalizing’ thera-
py. Many patients may feel apprehensive about having 
to inject themselves twice daily; a useful analogy to use 
in this case is that of insulin use by patients with dia-
betes mellitus. Reinforcing that patients with diabetes 
mellitus can live normal lives, and that injecting insulin 
simply becomes a part of their normal daily routine, 
may improve patients’ acceptance of therapy.

Moving forward
Once the decision to commence therapy has been 

taken, nurses have an enormously important role in 
training the patient and ensuring he or she fully un-
derstands their new treatment. Patients prescribed 
enfuvirtide should not attempt to self-inject before 
completing a training session with a nurse or other 
healthcare professional involved in training. In addi-
tion to reviewing procedures for reconstitution, sterile 
preparation and administration, the time spent with a 
patient before therapy commences can also be used to 
go over information provided by the physician and to 
allay any fears they may have.

Areas with which nurses can help include:
— ensuring the patient understands what enfuvirtide 

is for, how it works, and the need to take it in addi-
tion to their other, oral, medications

— making sure the patient knows how and where to 
store their supplies to ensure the stability of the 
drug, and how to dispose of their used needles 
and syringes safely

— training the patient in sterile reconstitution and 
subcutaneous administration techniques

— reviewing acceptable sites of administration (abdo-
men, outer thigh and upper arm), and emphasizing 
the need to rotate injection sites

— providing an accessible point of contact for pa-
tients when they have questions or problems with 
their treatment.

Enfuvirtide may be stored at room temperature 
prior to reconstitution; however, once reconstituted, if 
not used immediately, it should be refrigerated. When 
refrigerated, enfuvirtide solution must be used within 
24 hours. If patients do choose to store unreconstituted 
enfuvirtide in their refrigerator, they should be made 
aware that both the powder for reconstitution and the 
diluent (sterile water) should be brought to room tem-
perature before use.

Importance of the nurse−patient relationship 
to adherence

As with all other antiretroviral drugs, adherence is 
paramount to successful therapy with enfuvirtide, and 
patients must fully understand the implications of non-
adherence before they begin. Nurses can help patients 
to incorporate enfuvirtide into their everyday lives by 
discussing ways to minimize the impact on their time.

The most time-consuming aspect of the process 
is the time it takes to completely dissolve the vial of 
enfuvirtide with sterile water. This generally takes 
15 minutes, but can take up to 45 minutes. Patients, 
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therefore, should be advised to begin the process of 
reconstituting their enfuvirtide as soon as they awake 
(assuming that their supplies are already at room tem-
perature), before having a shower and dressing for the 
day. This means that the drug can be dissolving while 
they are doing other things, minimizing any impact on 
patients’ time in the morning.

Because stability studies indicate that enfuvirtide 
solution is stable for up to 24 hours if stored in a re-
frigerator (data on fi le, Roche Pharmaceuticals Ltd), 
patients can also be told to prepare their morning 
and evening doses together. The unused vial is simply 
refrigerated until it is time for the next dose. Establish-
ing a daily routine in which patients inject enfuvirtide 
at the same time each day, at a specifi c location, may 
also encourage high levels of adherence.

The most common adverse effect of subcutaneous 
enfuvirtide administration is injection site reactions 
(ISRs), and, as with all adverse effects, these may have 
the potential to interfere with adherence. Although most 
patients are able to cope with ISRs, there are some tips 
and other pieces of advice that, it has been reported 
by both patients and nurses, can help minimize their 
impact. These are:
—  use a different injection site each time you ad-

minister enfuvirtide. Ask your partner or a family 
member to inject in diffi cult-to-reach places

—  inject enfuvirtide slowly, avoiding intramuscular 
administration

—  after administration, gently massage the site to 
disperse the drug throughout the subcutaneous 
tissues. 

It should be noted, however, that these interven-
tions are not yet backed by clinical evidence.

The importance of ongoing support
Once the nurse−patient relationship is established, 

the nurse could become the initial point of enquiry for 
patients who have questions about the practical as-
pects of their therapy. In turn, the nurse should have 
support from clinical specialist nurses and other mem-
bers of the multidisciplinary healthcare team in order 
to better support the patient. Ongoing assessment of 
the patient’s reconstitution technique is useful and, by 
involving community nurse specialists, can be done in 
the home rather than in a clinical setting. Involving the 
patient’s partner, family or friends, and teaching them 
how to administer enfuvirtide, could enable the patient 
to have a break from self-injecting.

Other initiatives that may help patients include 
‘buddy’ systems, where patients who have just begun 
enfuvirtide therapy are paired with another patient 
who is also on enfuvirtide, and the use of a help-line 
or pager number that patients can call when they have 
specifi c questions about their treatment.

By encouraging close collaboration between 
patient, nurse, physician and other members of the 
healthcare team, together with educational and sup-
port programmes, it should be possible to fully realize 
the potential of this exciting new therapy for patients 
with HIV infection.

Injection kit for enfuvirtide.
Figure 1
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