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Dossier: AIDS intensive virostatic therapy 

HIV disease treatment in the era of HAART 

Summary - In the last three years basic science and chnical research hate radically changed the therapeutical approach to HIV disease. 
Recent guidelines suggest that treatments to HIV disease should be early and aggressive. with the use of new potent antiretroviral drugs. 
This approach has been defined as HAART (highly active antiretroviral therapy). In this review we will discuss the main stages of antiretro- 
viral therapy focusing on the acquisitions about results as well as problem\ of triple therapy. 0 1999 Elsevier. Paris 

HAART / HIV disease / protease inhibitors 

In the past three years basic scientific and clinical research 
have radically changed the therapeutical approach to 
HIV disease. The new acquisitions that have principally 
influenced the use of anti-retrovirals include: a) studies 
on pathogenesis demonstrating the dynamic character- 
istics of HIV infection, a pattern that is present even dur- 
ing clinical latency [l-3]; b) the development of new 
techniques for the determination of the ‘viral burden’, 
which every year becomes more sensitive. thus allow- 
ing measurement of HIV replication rates [4]; c) the 
demonstration of the high predictive value of these tec:h- 
niques in terms of prognosis and response to treatment 
[S-7]: and, d) the availability of new classes of drugs. 
such as protease inhibitors (PIs) or non-nucleoside 
reverse transcriptase inhibitors (NNRTIs), which itre 
extremely potent and effective as shown by several clin- 
ical trials [s-13]. These developments led experts to 
suggest new guidelines where the therapeutic approach 
to HIV disease would be early and aggressive [ 14-161, 
thus starting the era of highly active antiretroviral ther- 
apy (HAART). 

In those countries where HAART is affordable, it has 
led to significant decreases in new AIDS cases, oppor- 
tunistic infections, and finally reducing deaths by AIDS 
[ 17. IX]. On the other hand, new data reported this year, 
in particular results which show that HIV can survive 
in extremely long-living ceils and be reactivated even 
after years of potent anliretroviral therapy [ 19. 201, has 
somewhat cooled the initial enthusiasm for HAART. 
Furthermore, the study of the mechanisms through 
which HIV becomes insensitive to antiretrovirals and 

develops a broad cross-resistance towards drugs of the 
same class. has proven that in fact there exists only very 
limited options after HAART failure. In this review we 
will discuss the main stages of antiretroviral therapy, 
focusing on the acquisitions on results and the problems 
of triple therapy. 

BRIEF HISTORY 

Antiretroviral therapy began in the mid-1980s with 
the first study vs. placebo case (BW02) conducted by 
Fischl et al. on the use of zidovudine (AZT) in 282 sub- 
jects affected with AIDS or AIDS-related complex. 
An interim analysis at six months showed a reduction in 
the frequency of opportunistic infections and increased 
survival among the treated patient groups (211. so 
that patients on placebo were switched to therapy fol 
ethical reasons. Given the need to obtain informa- 
tion quickly, a trial team (the AIDS Clinical Trial 
G~OLIP, ACTG) was instituted in the United States. co- 
ordinating various clinical trials on the employment 
of all available antiretrovirals. Two of these trials, 
ACTG 002 and ACTG 0 16, showed that low doses of 
zidovudine were more effective and less toxic than 
those initially employed and that it was also possible to 
achieve a delay in disease progression, at least for a 
short period, in patients at relatively early stages 122. 
23 3ased on these and other results the first ‘state-of- 
thc-art’ conference organized by the NIH [24] recom- 
mended, at least in the United States, that therapy 
shi.lu d be offered to all patients, symptomatic or not, 
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who presented a CD4+ cell count of less than 500 /mm’. 
This was the first big step in the history of antiretrovi- 
ral therapy. In the following years however, other lri- 
als brought doubt and a critical consideration of the 
results which had been acquired up to that point. The 
most important of these trials (or at least the one that 
had the heaviest impact) was the Concorde study, a 
controlled French-English trial testing the benefits of 
early AZT therapy vs. delayed treatment. The results 
of this study, although questionable under a method- 
ological profile, showed a favorable trend in the early 
treated group after a short period of time. The results 
at 3 years however, showed no evidence for either a 
delayed progression of the disease, nor an increased 
survival rate [25]. 

The ‘time effect’ of early monotherapy (at least with 
zidovudine) was confirmed by Volberding et al. through 
the publication of data from the ACTG 0 19 study: early 
treatment of patients having more than or equal to 
500 CD4+ cells/mm? did not prolong the disease-free 
interval, nor did it demonstrate an increase in survival 
as compared to patients who started treatment when 
they had less than 500 CD4+ cells/mm’ 1261. Other stud- 
ies on drug alternatives to zidovudine, such as the first 
trial on combination therapy in advanced disease 
(ACTG 155) 1271, gave disappointing result:;. In light 
of this situation came the second ‘state-of-the-art con- 
ference that confirmed the doubts and uncertainties on 
antiretroviral therapy (281. 

A new phase in antiretroviral therapy was initiated by 
the results of the ACTG 175 and Delta trials in which 
a combination of zidovudine/didanosine (ddI) and 
zidovudine/zalcitabine (ddC) combination regimens in 
antiretroviral-naive subjects showed a reduction on 
both mortality rates and the progression to AIDS. 
These were the first studies where an increase in sur- 
vival was clearly shown. The ACTG 175 trial compared 
monotherapy (AZT or ddI) with regimens in which 
drugs were combined (AZT/ddI or AZT/ddC I in naive 
patients with CD4+ lymphocytes between 200 and 
500 /mm3 [lo]. Similar results were obtained from the 

Table I. Characteristics of protease inhibitors. 

Euro-Australian trial Delta- 1, which compared combi- 
nation treatments (AZT/ddI or AZT/ddC) and AZT 
monotherapy in patients having CD4+ T-lymphocytes 
lower than 350 /mm”, and showed the superiority of the 
AZT/ddI regimen [ 111. 

The CAESAR study has subsequently demonstrated 
the efficacy of the zidovudine/lamivudine (3TC) com- 
bination. In this study the addition of lamivudine to 
AZT-naive and AZT-pretreated patients having less 
than 250 CD4+ T-lymphocytes/mm3 reduced mortality 
and delayed disease progression [ 121. 

In contrast, the results of the Delta-2 or Community 
Programs for Clinical Research on AIDS (CPCRA) 
007 studies, investigating combination therapy with 
two nucleoside analogues in pretreated patients, were 
not as satisfactory. Many patients however, had been 
pretreated with AZT for more than 2 months and it was 
found that the risk of disease progression and death 
increased proportionally with the duration of previous 
zidovudine treatment [ 11,291. 

THE ERA OF TRIPLE THERAPY 

The enthusiasm that followed the first success with two- 
drug combination therapies grew with the introduction 
in clinics of new classes of antivirals, such as non- 
nucleoside reverse transcriptase inhibitors (NNRTIs) 
and protease inhibitors (Pls). The main characteristics 
of the principal components of these two groups of 
antivirals are summarized in tables I and II. 

Pls are the drugs that have shown the best results and 
at present, triple combinations of drugs including a pro- 
tease inhibitor are the gold standard of antiretroviral 
therapy. The HIV protease, encoded by the@ gene and 
composed of 99 amino acids, is responsible for the 
cleavage of the non-functional polyprotein precursor. 
Its inactivation (due to interactions with the active site) 
causes the production of immature virions, incapable of 
infecting new cells. The subsequent elucidation of the 
crystal structure of the HIV protease led to the com- 
puter-guided design of candidate drugs in order to 

fndinuvil Rilf7MNil Saqurnavir-HGC 

Dosing recommendations 800 mg tid 600 mg bid 600 mg tid 

Oral bioavailibility 6&7OR, 60 90% 4% (take with 
(take without food) (take with food) large meal) 

Metabolism cytochrome P450 cyt,xhromc P450 cytochrome P4.50 
3A4 > 2D6 3A1 3A4 

Storage room temperature refrigerate .apsules room temperature 
-_ -.- __.- 

tid: three per day; bid: two per day. 

Saquinmir-KC 

1,200 mg tid 

12% (take with 
large meal) 

cytochrome P450 
3A4 

room temperature 

Nelfnuvir 

750 mg tid 

20-x0% 
(take with food) 
cytochrome P4SO 
3A4 

room temperature 
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Table II. Characteristics of non-nucleoside reverse transcriprase inhibitors 

Dosing recommendations 
Oral bioavailability 
Metabolism 
Storage 

Nevirapirw Delavirdine Efarmirenz 

200 mg qd for 2 weeks than 200 mg bid 400 mg tid 600 mg qd 
90% 85% not available 
cytochrome P450 3A4 cytochrome P450 3A4 cytochrome P450 3A4 
room temperature room temperature room temperature 

____-- 
tid: three per day; qd: quotidian. 

obtain drugs which adapt to the tri-dimensional bind- 
ing hollow of the enzyme, with the aim of achieving 
competitive binding with the active site [30]. Initially 
these molecules were used in monotherapy and showed 
a much stronger antiviral potency as compared to all 
other antivirals employed in HIV therapy. These 
molecules also allowed the famous studies on the repli- 
cation dynamics of HIV to be performed [2, 31. 

The first protease inhibitor to be approved by FDA 
and registered for clinical practice was saquinavir 
(SQV). One of the most relevant studies with this drug 
is the ACTG 229. This trial compared the efficiency of 
saquinavir in combination with one or two nucleoside 
analogues (AZT and ddC) vs. the double-nucleoside 
combination alone. The study was not however power- 
ful enough to detect differences among the three arms 
as far as the clinical endpoints were concerned; the effi- 
cacy was thus evaluated in terms of surrogate markers. 
The viral load decrease at 24 weeks was found to be 
higher in the triple combination branch than in the dou- 
ble combinations (P < 0.003) and still remained below 
baseline levels at 48 weeks [31]. The drug was avail- 
able in the hard gel capsule formulation which was 
scarcely absorbed after oral administration, showing 
4% bioavailability; this determined its lower antiviral 
potency as compared to the other protease inhibitors. A 
new formulation, soft gel capsules. was subsequently 
approved by FDA, which showed higher bioavailabil- 
ity and efficacy [321. 

Ritonavir (RTV) and indinavir (IDV) are the two pro- 
tease inhibitors which have been approved. The efficacy 
of ritonavir has been assessed in a multicentre random- 
ized double-blind trial. The study recruited individuals 
with CD4+ cell counts of .5&550 cells/mm3 and a viral 
load greater than 25,000 copies/ml; the majority of the 
patients had received prior antiretroviral treatment. After 
four weeks therapy, plasma HIV RNA load was signifi- 
cantly reduced, and 38% of patients were below the level 
of detection by week 12. In addition, at week 4 there was 
a significant increase in CD4+ cell counts [33]. 

The efficacy of ritonavir has also been evaluated in 
studies having clinical end-points. In a trial involving 
1,090 patients with baseline CD4+ cell counts lower 

than 100 per cubic millimeter, ritonavir, in combination 
with nucleoside therapy, reduced the combined end 
points of new opportunistic diseases and death by 53%, 
and reduced the end point of death alone by 43%, as 
compared with placebo [34]. Scores for quality of life 
declined during the first four weeks of ritonavir treat- 
ment, but then improved significantly as compared with 
baseline values. The patients in the placebo group had 
a gradual decline in the quality of life [3.5]. 

For trials involving indinavir, the results of two very 
important studies have been published in the last two 
years. Data from trial ACTG 320 demonstrated highly 
significant clinical benefit from adding indinavir to 
zidovudine/lamivudine when compared to the dual 
nucleoside combination alone in terms of reducing the 
rate of progression to AIDS or death in advanced HIV 
infection: 11% in zidovudine/lamivudine group vs. 6% 
in the triple combination group (P = 0.001) [36]. The 
most relevant published data relating to the efficacy of 
prorease inhibitor-based triple therapy comes from the 
Merck 035 trial. This study enrolled 97 patients with 
prior zidovudine experience with a viral load greater 
than 20,000 copies/ml and CD4+ cell counts between 
50 and 400 cells/mm3. At 24 weeks, 90% of individu- 
als receiving the triple combination had undetectable 
viremia, compared with 43% of those receiving indi- 
navir monotherapy and 0% of those receiving zidovu- 
dine/lamivudine dual therapy. At 100 weeks, the initial 
triple combination suppressed HIV RNA load in 78% 
of contributing patients [37]. The limit of HIV RNA 
detection used in this study was 500 copies/ml. Nelfi- 
navir (NFV) was the last inhibitor registered for clini- 
cal use and it also appears to have great antiviral potency 
[38;; in an ongoing study greater than 70% of adults 
receiving a nelfinavir based combination regimen 
showed plasma HIV RNA levels below the limit of 
detection (< 400 copies/ml) after 84 weeks [39]. 

Non-nucleoside reverse transcriptase inhibitors 
(NNRTIs) are also known as ‘HIV-l specific reverse 
transcriptase inhibitors’, which is a more correct defi- 
nition since some types of these drugs indeed have a 
nucieosidic base. Drugs belonging to this class are very 
heterogeneous compounds that show common proper- 
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ties in that they inhibit the reverse transcriptase with a 
different mechanism than that of the nucleoside ana- 
logues. They are active at nanomolar concentrations, 
they have a high therapeutic/toxic dose ratio and they 
act exclusively against HIV-I [40]. These compounds 
also rapidly select for resistant strains, cross-reacting 
with other NNRTIs despite the structural differences 
between them 1411. However the association of these 
drugs with nucleoside analogues tends to delay the 
development of resistance mutations. 

The drugs presently available in many western coun- 
tries are nevirapine, delavirdine and efavirenz. Neri- 
rapine was approved by the FDA on the basis of the 
results obtained on surrogate markers from two impor- 
tant trials: the ACTG 241 and the INCAS study. The 
first study enrolled 398 patients with more than six 
months’ prior therapy and compared zid~ovudine/ 
didanosine/nevirapine with zidovudine/didanosine 
treatments. At 48 weeks, the reduction in viral load was 
more significant in the triple combination group 
(P = 0.028) [42]. The INCAS trial was a double-blind. 
placebo-controlled study in which adult naive patients 
were randomized to three arms of combination therapy: 
nevirapine/zidovudine/didanosine vs. zidovudine/ 
didanosine vs. nevirapine/zidovudine. After 52 weeks 
of triple therapy, 51% of the patients maintained 
undetectable levels of HIV RNA in the bloird 
(< 20 copies/ml), compared to less than 12:0/c in the two 
drugs arms (P < 0.001) [43]. 

Delavirdine should not be employed within sub- 
optimal regimens because it rapidly selects for resis- 
tance. In a recently published study its efficacy in add- 
tion to indinavir-based triple combination was assessed 
in patients whose therapy was failing. After 6 months, 
viral load declined in 33% of subjects to below the limit 
of detection (< 400 copies/ml) [44]. Efavireriz (EFV) 
is the latest compound approved by the FDA and has 
proved effective in various associations: together wrth 
neltinavir in the DMP 266-024 study, it brougl-t 68% of 
the naive and 40% of the NRTI-experienced below 
SO copies HIV RNA/mL at 16 weeks [4S /. In the 
003 trial the association with indinavir (whose dosa!ge 
must be increased by 25%) 73% of the patients having 
below 50 copies/ml led at 72 weeks [46], \/bile the 
most publicized results came from the 006 trial [47] 
that compared a) AZT/3TC/EFV with b) EFV/IDV and 
c) AZT/3TC/lDV. After 24 weeks at the intent-to treat 
analysis, 62% of the patients in arm a) went below 
SO copies, compared with 50% and 48% in the other 
two arms. Such an advantage comes mainly !iom the 
fact that the drug. beside its potency, is well olerated 
and simple to take (once a day). 

PRESENT THERAPEUTIC 
STRATEGIES 

On the basis of these data from a couple of years of 
study there is a strong tendency to adopt therapeutical 
approaches combining three antiretrovirals as first line 
therapy, generally involving two nucleosides plus apro- 
tease inhibitor or an NNRTI [ 141. The goal of this kind 
of approach is to reduce the viral load possibly below 
the limit of detection, to limit disease progression, and 
to delay the occurrence of resistant mutants that would 
compromise its therapeutic efficacy [48]. Moreover it 
appears evident that we need to anticipate the beginning 
of the treatment as early as possible to reduce the struc- 
tural damage to the immune system caused by HIV and 
the spontaneous emergence of highly virulent mutant 
strains [49]. The present guidelines for antiretroviral 
therapy indeed suggest to start therapy in all asymp- 
tomatic patients independently of their baseline CD4+ 
count (therefore even at more than 500 /mm3) if there 
are signs of important viral activity, assessed in terms 
of viral burden [50,.5 11. In particular, the ‘International 
AIDS Society-USA’ guidelines assert that therapy 
should be offered to all those patients who present HIV 
RNA plasma levels above S,OOO-10,000 copies/ml 
and that starting therapy should be considered for all 
patients who have detectable plasma viremia. 

Even though other combinations are accumulating on 
the stage, regimens including one protease inhibitor and 
two reverse transcriptase inhibitors are still nowadays 
the gold standard of therapy for HIV infection. The 
weak point in protease inhibitor treatment is the possi- 
ble development of resistance: the predominant mech- 
anism through which resistance takes place is the emer- 
gence of mutations in or close to the active site of the 
enzyme so that the inhibitor binds less easily. In vitro 
studies on indinavir have shown that at least three or 
four point mutations are required to reach significant 
phenotypic resistance. Unfortunately revealed resis- 
tance among protease inhibitors is also found [52-541. 
Thus the choice of a compound will have a great impact 
on future options the in case of therapy failure. For this 
reason it is likely that genotypic or phenotypic analysis 
will assist the clinician’s choice in the future manage- 
ment of HIV patients 1551. 

THE LIMITS OF TRIPLE THERAPY 

The advent of HAART has suddenly compelled the 
clinicians to face a series of problems which until now 
have been unknown: protease inhibitors’ pharmacoki- 
netics, complex interactions with other drugs, new and 
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Table III. Protease inhibitors’ AUC modifications in combination with @he], antivirals 

97 

Nevirapine - 24 - 2x 
Efavirenz - 62 -31 
Delavirdine + 500 + 89 
Indinavir + 600 
Ritonavir + 2000 + 500 
Saquinavir NR 
Nelfinavir + SO0 +Sl 
Amprenavir - IX - 3x 

-11 +4 
+ 18 + 20 
+ 66 + 92 

0 + 84 
- + 250 
0 + I7 
0 

NR + I5 

NR: not reported. 

Table IV. Most frequent adverse reactions observed with PIa 

Intliwal?t RitonalVr Saquina,,ir-HGC Saquinalir-SGC ,Ne/finm~i~ 
-._-- 

Ncphrolytiasis gastro-intestinal gastro-intestinal gastro-intestinal diarrhea 
gastric intolerance intolerance intolerance: nausea, intolerance: nausea, hyperglycemia 
Increased indirect peripheral and circumoral diarrhea diarrhea, abdominal 

bilirubinemia paraesthesia elevation of transaminases discomfort, dyspepsia 
MIX: headache. fatigue, hepatitis headache elevation of transaminases 

rash. metallic taste taste alterations hyperglycemia headache 
Hyperglycemia hypertriglyceridemia 

hyperglycemia 

unexpected adverse events, the wide world ofresistance 
and the dramatic problem of adherence. 

Pharmacokinetics 

In addition to the problems associated with the 
saquinavir hard gel bioavailability, indinavir [56] and 
ritonavir [57] also show wide discrepancies in plasma 
concentrations after the same oral doses. The drugs 
were taken under clinical observation and, given their 
lack of accumulation, compliance cannot be implicated 
in this phenomenon. High levels correlate significantly 
with adverse reactions to ritonavir [57]. while low 
plasma concentrations might lead to therapy failure. 
Pharmacokinetic monitoring of patients may be 
required in the future allowing for individualized dose 
adiustments. 

Interactions 

All the new anti-HIV drugs are mainly metabolized 
through the P450 cytochrome enzymatic system. Many 
of these molecules can act as enzymatic inhibitors or 
inducers; this determines potential interactions with 
numerous drugs undergoing metabolism at this site. 
Indeed, this is one of the major problems in managing 
antiretroviral therapy, as some interactions require 
the exclusion of certain combinations, others need 

hyperglycemia 

dose adjustments, and all interacting combinations 
require intensive follow-up. The inhibitory effect on 
1~450 cytochrome has been employed by many 
researchers to their advantage, combining antiretrovi- 
rals in such a way which allows the dosage to be 
reduced thus improving compliance and overcoming 
resistance. Much interest presently surrounds the com- 
binations of two protease inhibitors [58]. Table 111 
shows pharmacokinetic interactions between PIs and 
NNRTIs. 

Adverse events 

The widespread employment in the clinical setting of 
new antiretrovirals has shown that: a) adverse events, 
as reported in clinical trials, occur more frequently (see 
ltlhle IV); b) new, formerly unknown and serious 
adverse events can occur. Concerning this first issue, the 
reason for the discrepancy between clinical trials and 
clinical practice depends on a methodological problem. 
Clinical research ‘physiologically’ selects through a 
rigId inclusion criteria a population that does not cor- 
respond to the real population. The second aspect is 
more worrying because its implications. There is a 
growing number of reports on lipodystrophy, which is 
an abnormal accumulation of fat without body weight 
variations in patients treated with HAART [59]. Also 
quite common are reports of lipid metabolism alter- 
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ations such as hyper-triglyceridemia and hyper- 
cholesterolemia. Moreover in some patients, more seri- 
ous diseases have occurred, such as diabetes mellitus or 
premature coronary disease [60]. 

Although the spectrum of manifestations differs from 
patient to patient, many researchers believe that all 
these events are part of the same syndrome associated 
with an altered metabolism. Carr et al. found two pro- 
teins, one a low density lipoprotein receptor-like pro- 
tein (LRP), the second a region of the cytoplasmic 
retinoic-acid binding protein type 1 (CRABP-1) that 
shared a 58863% homology with 12 amino acids spart- 
ning the catalytic site of HIV protease. CRABP- 1 pre- 
sents retinoic acid to the P4.50 3A liver enzyme system 
(the same enzyme system which is inhibited by protease 
inhibitors) for conversion into 9-cis-retinoic acid, 
which appears to play a role in fat storage, particularly 
in peripheral areas of the body. LRP is a scavenger of 
lipids in the liver. The Australian team postulates that a 
complex interaction of the PI with each of these syz- 
terns leads to a fat depletion in the periphery, high lipids 
in the blood and accumulation by default in the, viscera 
[611. 

On the contrary, others think that this event is more 
probably related to HIV itself than to the antiretrovi- 
rals [62]. The problem however exists, particularly 
since due to their efficacy the therapies might be taken 
by patients for many years and yet we do not know 
their long-term toxicity. Finally it should be reminded 
that all PIs can cause liver toxicity (sometimes clini- 
cally evident as toxic hepatitis), and that indinavir 
can cause renal colics and a variety of renal ?damage 
[63. 641. 

Resistance to antiviral drugs 

Resistance is presently a major issue in antiretroviral 
therapy because it inevitably leads to drug failure. 
Resistance arises from poor compliance, from inade- 
quate knowledge of the pharmacokinetics of the drugs 
due to intrinsic characteristics of the drugs or their inter- 
actions, or from inadequate viral suppression. Even at 
very low levels of viremia resistance can occur, begin- 
ning from the lymph nodes [65, 661, so that every reg- 
imen sooner or later will select for resistance. The time 
to occurrence of a certain resistance mutation can be 
approximately foretold, but the single case is: really 
unpredictable, since it seems to respond to a stochastic 
model [67]. A drug is said to have a low genetic barrier 
when the virus can overcome its effect by a single point 
mutation, an event that takes place in two week:; under 
monotherapy pressure. In contrast, a drug tha: has ;L 

high genetic barrier requires multiple mutations in the 
virus to show a decrease in its antiviral activity [68]. 
The main genotypic mutations responsible for resis- 
tance in the three main classes of antiretrovirals are 
reported as follows. 

Resistance to nucleosides (NRTIs) 

Nucleosides are actually the most various class with 
regard to the development of resistance. Resistance to 
zidovudine generally develops with an initial transient 
mutation at codon 70 [69] and subsequently with the 
more resistant T21SY/F and, if therapy is prolonged, 
with an accumulation of point mutations at codons 41, 
67,70, and 2 19 [70]. High-level resistance to AZT also 
implies low-level resistance (about two-fold increase in 
IC50) to didanosine and zalcitabine [71]. Lamivudine 
rapidly selects for the Ml 84V/I mutation which confers 
high-level resistance to itself, but low-level resistance 
to dd1 and ddC [72,73], and reverses resistance to AZT 
in 215mutated strains [74]. Didanosine and zal- 
citabine, in turn, generate the point mutations L74V and 
T69D [75, 761, that cause low-level resistance to them- 
selves and no cross-resistance to others. Occasionally 
they select for the K65R mutation which confers high- 
level resistance to 3TC or for the M184V/I [72, 771. 
Stavudine infrequently selects for a V75T mutation 
moderately cross-reacting with dd1 and ddC 178, 791. 
More recently, a novel SSS69 mutation has been iden- 
tified for this drug, conferring resistance to stavudine 
(d4T) [80]. Abacavir treatment results in the slow accu- 
mulation of mutations and the level of cross-reaction 
with the other NRTIs is still unclear, selecting for K65R, 
L74V and M 184V; it does not appear to cross-react with 
zidovudine [Sl]. Particular multi-drug resistant strains 
have also been reported in a very low percentage of 
patients (2%) with groups of mutations at codons 15 1 
and 333 [82, 831. Overall, this class of drug seems to 
leave a certain space to plan strategies in drawing first 
and second line therapies. 

Resistance to non-nucleoside RT inhibitors 

Non-nucleoside RT inhibitors are, with respect to the 
resistance profile, the most sensitive class of drugs. 
Almost all of them have a low genetic barrier: loviride, 
nevirapine, delavirdine, efavirenz and the new and 
not yet available MKC 442 used in monother- 
apy, rapidly select for mutations that render the virus 
highly resistant to the entire class, particularly the 
Kl03N mutation [80]. The nevirapine and loviride- 
induced Y 18 1 C/S mutation partially restores sensitiv- 



HIV disease treatment 99 

ity to AZT in 215mutated strains [84] and delavirdine- 
induced P236L mutation sensitizes RT IO-fold to nevi- 
rapine [85]. NNRTIs seem to be a group of drugs where 
the failure of one leaves very little space for the possi- 
bility of employing the others. 

Resistance to protease inhibitors 

Indinavir is the antiretroviral drug that has the highest 
genetic barrier. Resistance occurs when at least three 
primary mutations have arisen [86,87]. Unfortunately, 
it has a resistance mutation profile completely over- 
lapping to that of ritonavir [53]. Saquinavir and nelfi- 
navir select for quite different primary mutations and 
it had been initially hypothesized that they might in 
some way escape cross-resistance [88, 891. However, 
the preliminary data from ACTG 333 and the first data 
presented on nelfinavir showed that resistance to one 
PI is extended also to the others presently available, as 
recently underlined by Mellors [90]. Another aspect of 
PI resistance is that, as shown by the Taylor Square 
Institute study, the sooner you change, the better result 
you obtain [91]. Furthermore, compensatory mutations 
in the gag cleavage site have been described under PI 
exposure [92], suggesting that prolonged treatment in 
conditions that allow the detection of the virus may 
generate aberrant and biologically resistant strains. 
New flexible PIs are being tested with the aim to ren- 
der them adaptable to conformation mutations of the 
protease binding region or to ‘resist resistance’. PIs are 
therefore characterized by the fact that only fast 
changes may allow one to escape cross-resistance. 
Non-peptidic protease inhibitors may yield important 
advantages in this field. 

Adherence to treatment 

The advent of HAART has also brought complications 
for the patients. PIs require that patients take a large 
number of pills (6 to 12/d), often requiring fixed rela- 
tionship with food that may contrast with associated 
NRTIs (i.e., ddI), often in tid regimens and in the case 
of ritonavir need to be kept in the refrigerator. Overall. 
no other disease requires such a complicated regimen 
for life. On the other hand, it has been widely demon- 
strated that partial adherence to therapy causes the 
occurrence of drug resistance, and it is important to 
underline that since mutated strains can be transmitted, 
resistance is a problem of public health. Studies aimed 
to increase the adherence to a therapy and to identify 
the features of non-compliant patients are ongoing 
[93]. 

ISSUES FOR THE FUTURE 
OF ANTIRETROVIRAL THERAPY 

Strategies of antiretroviral treatment are constantly 
evolving and new problems arise every day. In the last 
few months the scientific debate has touched on many 
aspects. We report those issues that in our opinion are 
the most significant in the clinical setting. 

Salvage therapy 

Although a strategic approach is universally invoked in 
reality? when a triple combination therapy fails. the 
choice of new regimens is restricted by cross-resis- 
tance profiles or patient’s intolerance. In highly pre- 
treated patients, even passing to triple combinations 
composed of brand new drugs seems to achieve only a 
very limited benefit, as shown by the Aurora Medical 
Group in San Diego [94]. On the other hand, data 
reported by Mellors at the Geneva World AIDS Con- 
ference, as well as the analysis of the AVANTI- and 
ACTG 343 studies, have shown that viral load may 
increase during triple therapy yielding strains that are 
not genotypically resistant to all the drugs of the com- 
bination (i.e., in AZT/3TC/indinavir-treated patients, 
strains that contain only the 3TC-associated M184V/l 
mutation). This suggests that a reduction of potency 
has occurred but not total resistance [90, 95, 961. The 
French VIRADAPT study this year assessed the effi- 
ciency of changing therapy based on the results of 
genotypic resistance testing [97]. The patients whose 
therapy was changed according to the indications of the 
genotypic profile of their HIV strains, achieved at 
6 months of changing therapy, a mean 1.12 log,,, viral 
load decrease with 30% of the patients still below 
delectability vs. - 0.45 and 17% below delectability in 
the group that changed therapy according to the clini- 
cal guidelines and physicians’judgment. Although the 
best test (genotypic, phenotypic or both) and the cor- 
rect interpretation are still to be defined, the study 
seems to show that genotypic profile-assisted strate- 
gies are more efficient. 

Maintenance therapy 

The idea of ‘maintenance’ therapy with one or two 
drugs after an initial ‘push’ (12 weeks or longer) on 
triple combination arose at the beginning of the protease 
era. when it was assumed that HAART could com- 
pletely suppress viral replication. Unfortunately four 
important trials on maintenance therapy (Trilege, 
ACTG 343, ADAM and MIRO) have been prematurely 
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closed in the course of the year 199X beclaus’: of high 
rates of viral rebound in the simplified arms [98-1011 
as compared to the patients who continued triple or 
quadruple therapy. Trilege and ACTC 343 considered 
the classical AZT/3TC/IDV combination and showed 
that while rebinding strains from the simplified 
AZT/.?TC arm uniformly had the MlB4V mutation to 
3TC. the AZT/IDV or IDV monotherapy arising strains 
were wild-type for protease and had no AZ’T-related 
mutations. Therefore, in these cases failure seems to be 
attributable to diminished potency of viral suppression 
rather than resistance. 

Triple combination regimens without PIs 

During the course of 1998 two important trials. CNA 
A/B 3005 by Glaxo-Wellcome and DMP266-006 by 
DuPont, showed data from interim analysis that sug- 
gested that convergent triple combinations with 
AZT/3TC/abacavir or AZT/3TC/efavirenz arc at least 
as potent and better tolerated than AZT/3TC/indinavir. 
Though the trials are still ongoing, this result has been 
presented at all the recent Congresses, from Geneva’s 
World AIDS Congress to Glasgow’s International 
Congress on Drug Therapy in HIV Infection [ 102, 1031. 
A further advantage of these regimens, beside a lower 
number of pills and a bid or qd administration that 
increase the efficacy at the intent-to-treat analysis, is the 
fact that acting on a single substrate, HIV reverse trari- 
scriptase, they leave the protease naive for ;I subsequent 

PI-based triple combination regimen. 

New drugs 

The chances of making HIV infection a chronic die- 
ease seem to depend mainly on the availability of new 
drugs, active on different targets of the HIV life-cycle 
replication or non cross-resistant. We conclude this 
review on antiretroviral therapy with a description of 
some of the most promising compounds at different 
stages of development. After efavirenz in Octo- 
ber 1998, running for FDA approval are abacavir 
(Glaxo-Wellcome, NRTI, ZiagenrM), adefo,Jir dip- 
ivoxil (Gilead Sciences, nucleotide, Prevcon’“), and 
amprenavir (Glaxo-Wellcome, PI. Agenerascl‘M). 

A bacavir 
Carboxcyclic nucleoside with high antiviral potency 
(1.9 log). In NRTI-experienced patients the shift to 
combivir (AZT/3TC)+ abacavir has yielded at week 8, 
a I .6 log reduction in viremia with 50% of the aatients 
below SO copies, thus showing limited cross-resistance 

with the other NRTIs [104]. The main problem with 
abacavir is a hypersensitivity of 3% that presents a non- 
specific clinical pattern that may worsen or even be fatal 
at re-exposure [I OS]. 

Adefovir 
This nucleotide has a potency of 0.4 log when added to 
failing ART [106], rising to 0.9 log when the failing 
therapy is AZT/3TC and the M184V mutation is pre- 
sent [ 107, 1081. Its activity is enhanced by the associa- 
tion with hydroxyurea. The main adverse events related 
to adefovir treatment are a decline in body weight and 
3 I .9% reversible proximal renal tubular disease after 
4X weeks on therapy [ IO6 ]. 

Amprenavir 
A novel protease inhibitor with a pattern of resistance 
slightly different from the other known PIs, although 
there seems to be a certain degree of overlapping clin- 
ical resistance. Trials where amprenavir is associated 
with AZT/3TC or other NRTIs or abacavir are on going 
with encouraging results ] 109-l I I]. 

Newer and very promising drugs are behind the cor- 
ner, in phase I/II studies: 

FTC (Triangle Pharmaceuticals) 
Similar to 3TC for its molecular structure, allows a 
once-daily dosing regimen. In a phase I/II dose- 
escalating trial on man, the higher doses (> 200 mg/d) 
obtained viral suppression of - 2 log copies/ml [ 1121. 
It shares cross-resistance patterns with 3TC. 

FddA 
Novel NRTI has shown potent anti-HIV activity in vitro 
and in vivo, a long half-life (20 h), high oral bioavail- 
ability and appears to protect CD4+Tcells in HIV infec- 
tion, causing a higher CD4+ increase as compared to 
AZT monotherapy in HIV-infected mice [ 1131. 

MKC-442 (Triangle Pharmaceuticals) 
Works as an NNRTI although it has a nucleoside struc- 
ture. It has showed synergy with AZT, 3TC, d4T, ddI, 
ddC, abacavir, nelfinavir, indinavir, ritonavir, ampre- 
navir and delavirdine [ 114, I 151. In rats it has showed 
good penetration of the CNS, having the same concen- 
tration curve in the brain (Cmax, AUC, tl/2) as in 
plasma [ 1161. Its pharmacokinetics in man seems to 
allow bid regimens, it is overall well tolerated and in 
HIV positive volunteers in a phase I/II dose-escalating 
study has reached a more than I log viral load suppres- 
sion given 750 mg bid [ 1 171. 
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Tipranavir (Pharmacia & Upjohn) 
A non-peptidic protease inhibitor and highly active. 
Synergy has been demonstrated with ritonavir [I IS], 
zidovudine and delavirdine [ 1191. It has shown to be 
also active on strains resistant to the peptidomimetic 
protease inhibitors [ 1191. Clinical trials are currently 
underway [ 1201. 

DMP-450 (Triangle Pharmaceuticals} 
PI with more than 3 log anti-HIV potency in vitro. 
Phase I/II studies on man are starting at the end of 1998 
(data from Triangle Pharmaceuticals, Inc.). 

BMS-232632 (Bristol-Myers Squibb) 
Azapeptide, another PI that has shown in vitro the 
highest anti-HIV potency among all the known pro- 
tease inhibitors. BMS-232632 resistance occurs less 
rapidly than with ritonavir or nelfinavir and resistant 
strains remain sensitive to saquinavir although show 
some resistance to nelfinavir, indinavir. ritonavir and 
amprenavir. Nelfinavir, saquinavir and amprenavir- 
resistant viruses remain sensitive to BMS-232632 
[l?l]. 

KNI 272 and KNI 764 
New flexible protease inhibitors designed in order to 
adapt to the protease mutations, active against indi- 
navir-resistant strains in vitro. KNI 272 is synergistic in 
vitro with indinavir, ritonavir. nellinavir and delavirdine 
[ 122-1241. 
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