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Abstract

The advances in our understanding of the pathogenesis of infection by human
immunodeficiency virus type (HIV-1) during the past 3 years has led to
antiretroviral therapeutic strategies capable of maximally suppressing plasma HIV-1
for prolonged periods of time, immunologic reconstitution, and clinical benefits
including an overall decrease in HIV-related mortality. Despite these advances, up
to half of patients who initiate therapy with an appropriate antiretroviral regimen
either do not achieve or maintain a durable antiviral response. The reasons for
suboptimal antiviral treatment responses are complex and include: acute and
chronic drug intolerance, non-adherence, adverse drug interactions,
pharmacokinetic variability, and drug resistance. Treatment strategies for
individuals experiencing a significant increase in plasma levels of HIV-1 RNA have
been recommended based on the concept of replacing the current antiretroviral
treatment regimen with drugs previously not used and likely to be active. The
limited number of such options has forced clinicians and researchers to search for
alternative approaches including reexamination of the definition for treatment
failure. Approaches such as strategic sequencing, treatment intensification, the
recycling of multiple previously used drugs (i.e. mega-HAART), and scheduled
treatment interruption have been attempted. Much of the success of these
approaches has been dependent on the timing of such treatments and the use of
either genotypic and phenotypic resistance testing. The questions remain as to
when to make any change, when to add a drug, when to replace an entire regimen,
and what to do if these approaches are unsuccessful. It is obvious to everyone
managing the antiretroviral therapy in patients that with the currently available
drugs, subsequent treatment following virologic rebound is more difficult than
initiating therapy. Novel drug-sparing and recycling strategies, resistance testing
and development of newer agents that target different stages in the viral life cycle
and which are not cross-resistant with the current drugs will improve the ability to

treat patients Whg,thsePY 518 falblication may be

([ | A
reprouuced O pPpriotoctopyiiy

Key words
|
Antiretroviral thera wgrug }aq t,p'Frea[ \(/!\ﬁilgr te gperm|55|on

of the publisher

Correspo. ce to

szek-rarmanyer Publications 2010

Chicago, III|n0|s 60611
USA

AIDSREVIEWS

205



L]
N
© AIDSREVIEWS
D
L]

AIDS Rev 1999; 1

Despite our best efforts, the likelihood of achiev-
ing a sustained antiretroviral response in patients
treated with any of the triple therapy regimens pre-
sumed to be effective approximates 50%'. While
antiviral rebound or failure does not necessarily
translate to immediate clinical failure, it certainly
predicts a poorer outcome than when the virus is
optimally controlled. Immunologic failure, crudely
defined as a decrease in the absolute CD4 count to
levels associated with high clinical risk (i.e. CD4 <
200 cells/mm3), rarely occurs without concomitant
loss of optimal viral suppression. The development
of clinical disease while receiving antiretroviral ther-
apy would constitute as a clinical failure, however,
this may not necessitate a change in antiretroviral
therapy if the virus is optimally suppressed.

The reasons for antiretroviral treatment failure are
multiple and include acute drug intolerance, non-
adherence to the prescribed treatment regimen,
drug-drug interactions resulting in subtherapeutic
levels of the antiretroviral agents, variable pharma-
cokinetic properties of the different therapies, resis-
tance to one or more of the chosen antiviral drugs,
and advanced stage of disease at the time of treat-
ment initiation (Table 1). Therefore, the reasons for
a suboptimal therapeutic response and the subse-
quent treatment choice must be individualized.

Table 1. Reasons for antiretroviral treatment failure or
suboptimal suppression of HIV-1.

Acute drug intolerance

Chronic drug intolerance
Non-adherence

Drug-drug interaction

Variable pharmacokinetic properties
Resistance

Advanced stage of HIV disease

Long before clinical disease progresses, the
plasma HIV-1 RNA, or viral load, typically increases,
indicating that viral replication is taking place in the
presence of the therapy prescribed. Persistent viral
replication in the presence of drug for a significant
period of time places th atient at rea for the
development of resist @t iae e %(%
ment regimen. This should be avoided if at all pos-
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been postulated that this may be due to an alter-
ation in intracellular kinetics of nucleoside phos-
phorylation*. Resistance testing, either by genotype
of phenotype, is commercially available, but its ex-
act utility has yet to be fully characterized. It is like-
ly that resistance testing will become a helpful man-
agement tool when treatment changes based on
these type of test results are proven beneficial and
the assays receive formal regulatory approval.

Defining treatment failure

The term “treatment failure” has been used to de-
scribe a variety of clinical, immunologic and viro-
logic situations including: the development of an
HIV-related clinical event; the reduction in CD4 cell
count to less than 50% of the baseline level; the in-
ability to have a sustained treatment-induced re-
duction in plasma HIV-1 RNA to below the level of
assay detection within 12-16 weeks of initiating
therapy; once achieving an optimal antiretroviral re-
sponse, to then have an increase in plasma HIV-1
RNA to near baseline levels, > 200-500 copies/mL or
to > 50 copies/mL (Fig. 1). Current guidelines focus
on the antiviral responses associated with therapy®®.

An important distinction needs to be made in re-
gard to defining “treatment failure” with “suboptimal
virologic suppression”. Most would agree that an in-
crease in plasma HIV-1 RNA levels to within 0.5
log,, copies/mL of the pre-therapy values with sub-
sequent decreases in the absolute CD4 cell count
and development of clinical events means treat-
ment failure’. In this definition of treatment failure,
the antiviral drugs are all likely to be resistant. A
complete change in therapy to a regimen that in-
cluded drugs of different classes or those likely or
proven to be sensitive would be the preferred
choice. All other virologic responses that do not re-
sult in maximal reductions of HIV-1 RNA are better
termed “suboptimal virologic suppression”. In these
instances, resistance to all the antiviral agents may
not be complete, offering the potential for selective
drug substitutions.

The numeric threshold for further defining subop-
timal virologic suppression has not been deter-
mined. A rise in viral load of at least 0.5 log,,
copies/mL (3 fold) is known to be significant. A rise
to greater than or equal to the pre-therapy level is

.agreed to be gonsidered failing. However,
d levels less than 500,
1000, 5000 or 10,000 copies/mL is not completely
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Fig. 1. Suboptimal virologic suppression and failure

observed in the CNA3005 Study, which compared
abacavir/zidovudine/lamivudine with indinavir/zi-
dovudine/lamivudine, where the subjects with the
higher viral loads in the triple nucleoside arm were
as likely to suppress viral load to < 500 copies/mL
but less likely to suppress HIV-1 RNA to < 50
copies/mL®. The significance of these findings are
uncertain but suggest that for some individuals, the
threshold for changing therapy because of suboptimal
virologic suppression may be greater than 50
copies/mL, the lowest level we can reliably measure at
the present time.

Current guidelines for treatment of
virologic failure or suboptimal suppression

Current guidelines recommend that when a treat-
ment change is considered, two new nucleosides
be chosen plus a different protease inhibitor likely
to be sensitive®®. These guidelines are based on
expert opinion using theoretical possible alternative
regimens without the a|d of re3|stance testmg For
purely virologic reason
er, if a patient has frouble W|th erence cl angin
medications, often to an even more licated
regimen, is unlikely to be verffi2 rrﬁld:tﬂé)
been no controlled studies comparmg dlﬁerent
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TEble 2). The data showed that the addition of a new
Table 2. Factors associated with successful modification of

the failing regimen, how many prior drugs have al-
ready been administered, and genotypic and/or
phenotypic resistance to the various drugs. Virolog-
ic success rates with subsequent therapy range
from 28-80%. The cohorts of patients that have
done the best are those where therapy was
changed very quickly after the viral load rebounded
to greater than 500 copies/mL'® and in those where
combination protease inhibitor therapy was em-
ployed™13. In one study, 264 patients treated with
nelfinavir for at least 48 weeks and having de-
tectable viral load (median viral load, 46674
copies/mL) were treated with a ritonavir/saquinavir-
based regimen. In 22/24, viral load decreased to
< 500 copies/mL on at least one occasion, and 14/24
(568.3%) had sustained antiviral suppression. In this
trial, a higher baseline viral load predicted subse-
quent treatment failure. Interestingly, the D30N mu-
tation, unique to nelfinavir, did not predict the treat-
ment response, suggestion that subsequent protease
inhibitor-based approaches may be successful™.
Weidle et al calculated the odds ratios for a suc-

ing regimen-consisting of at least 2 drugs
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class of drugs in the rescue regimen had the high-
est correlation with a successful outcome, followed
by having a non-nucleoside as a new drug, and
adding at least 2 new drugs. Change to a new pro-
tease inhibitor or nucleoside analogue were not as-
sociated with a successful modification of therapy'.

Recently, several prospective studies have re-
ported results of specific rescue strategies, includ-
ing: AIDS Clinical Trials Group (ACTG) 359, ACTG
372b, ACTG 373, and CNA2007. The results from
these trials are reviewed below:

ACTG 359 was a 277 person study in indinavir-
experienced, but non-nucleoside-naive subjects
with plasma HIV-1 RNA between 2000-200,000
copies/mL. Subjects were randomized to receive
saquinavir soft-gel capsules with either ritonavir or
nelfinavir, together with the non-nucleoside delavir-
dine, the nucleotide adefovir, or both. Overall, 30%
of patients had plasma HIV-1 RNA < 500 copies/mL
at week 16. In a factorial analysis, there was no dif-
ference between the ritonavir or nelfinavir groups;
however, the pooled delavirdine groups had a bet-
ter response that the adefovir groups including
those assigned delavirdine plus adefovir (40% vs.
18%). The overall results of this study were disap-
pointing. This may have been due to the choice of
delavirdine and adefovir as part of the new regimen
and a potential unexpected interaction may have
occurred in the group receiving the combination
adefovir plus delavirdine™.

ACTG 372b was a 94 person study in indinavir-
experienced, but non-nucleoside-naive subjects
who were treated in with zidovudine/lamivudine
plus indinavir as part of ACTG 320 and had viro-
logic rebound or failure. All subjects received open-
label efavirenz and adefovir and were randomized
to also take abacavir or 1-2 new nucleoside reverse
transcriptase inhibitors with or without the blinded
protease inhibitor, nelfinavir. Overall, 35% of pa-
tients had plasma HIV-1 RNA < 500 copies/mL by
week 16. The pooled nelfinavir groups did better
than the groups that did not receive nelfinavir (45%
vs. 24%). There was no difference in response be-
tween the abacavir group compared to the group
that added 1-2 new nucleosides'®. The overall re-
sults of this study were somewhat disappointing
and may have been improved by the addition of a
double protease inhibitor-based regimen.

ACTG 373is a 54 person study in amprenawr ex-

perienced subjects vvh f@d}@?ﬂe@ |Iq:ch t@u

ACTG 347 trial which compared amprenavir alo
to amprenavir, zidovudine, lamivuding'’. All
jects received open-label md’ i th rtdnﬁ:
side nevirapine and the nucleosides stavudine plus
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jects received open-label abacavir, efavirenz, and
amprenavir. Overall, 26% of subjects had plasma
HIV-1 RNA < 400 copies/mL at week 16. Individuals
who were non-nucleoside-naive and had HIV-1
RNA < 40,000 copies/mL at study entry did better.

Efavirenz was shown to lower amprenavir levels
by approximately 36%, which may have affected
the results of the study®. These patients may have
done better if an additional protease inhibitor was
included in the regimen.

Treatment of virologic failure or suboptimal
suppression with newer agents

Two investigational antiretroviral agents have
been studied in patients with suboptimal viral sup-
pression and/or failure. The results, although pre-
liminary in nature, are encouraging.

Lopinavir, formerly referred to as ABT-378, is a
new protease inhibitor that is characterized by its
exquisite pharmacokinetic enhancement to low
doses of ritonavir. When given in combination with
100 or 200 mg ritonavir, plasma trough levels of
lopinavir are 25-100 fold higher than the expected
EC,, of wild type virus. Lopinavir has been studied
in both treatment-naive and experienced subjects.
In the treatment experienced trial, 70 subjects who
were single-protease inhibitor experienced, but
non-nucleoside-naive and had plasma HIV-1 RNA
levels between 10,000-100,000 copies/mL, had
their protease inhibitor switched to lopinavir while
continuing with the other drugs in their regimen. Af-
ter 2 weeks, the non-nucleoside nevirapine was
added and the background nucleosides were ad-
justed with at least one new one added. After 48
weeks, 78% of subjects had plasma HIV-1 RNA
< 400 copies/mL; only 2 patients stopped therapy
because of side effects related to study drugs™.

These results are some of the most encouraging
reported among subjects with suboptimal viral sup-
pression and are likely due to the favorable phar-
macokinetic and side effect profile of lopinavir, the
addition of a non-nucleoside into the rescue regi-
men, and relatively early change in therapy for the
cohort. Lopinavir is expected to be available in the
later part of 2000.

T-20 is a synthetic 36 amino acid peptide that is
unlike any of the currently available antiretroviral

agents in that it inhibits HIV fusion. This drug is not

far in elopment as lopinavir,
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subjects discontinued therapy because of drug-re-
lated toxicities®. Although early in development, T-
20 looks important for subjects with true virlogic fail-
ure or suboptimal suppression. T-20 suppresses
HIV-1 by a completely different mechanism of ac-
tion compared to currently available drugs. If com-
bined with active drugs or used earlier before frank
virologic failure occurs, results are likely to be even
more encouraging.

Treatment intensification

While not formally recommended, one experi-
mental approach that has been taken in a limited
number of clinical studies is the addition of a single
active agent, or “treatment intensification”, to a pa-
tient experiencing a rebound in plasma viremia. The
potential advantage of such an approach is pa-
tients would preserve more aggressive treatment
strategies for a later time. The results from one of
the first treatment intensification strategies were first
reported in a group of heavily nucleoside pretreat-
ed patients who were then switched to
ritonavir/saquinavir therapy. In several patients who
experienced virologic rebound following many
months of optimal suppression with ritona-
vir/saquinavir, the addition of lamivudine and stavu-
dine, two nucleosides that the patients had never
before received, resulted in a renewed and sus-
tained antiretroviral suppression?'.

Treatment intensification has also been success-
fully observed when the antimetabolite hydroxyurea
was added to patients with measurable viremia fol-
lowing therapy with didanosine and stavudine. In
this study, patients naive to therapy were treated
with didanosine/stavudine plus hydroxyurea or
placebo. After 12 weeks, the virologic “non-respon-
ders” assigned to placebo were given open-label
hydroxyurea. By 24 weeks, the antiviral response in
the patients originally treated with hydroxyurea and
in those who added it after 12 weeks was equiva-
lent, with approximately 79% achieving optimal
suppression?.

A placebo-controlled trial of treatment intensifica-
tion was reported with the nucleoside abacavir. In
this study, patients receiving their first active anti-
retroviral therapy with plasma HIV-RNAlevels up to
50,000 copies/mL had their regimen “intensified”

Robert L. Murphy: Rescue therapy in HIV infection

hibitor formerly known as oral PMPA. In a phase |l
study, 189 subjects with HIV-1 RNA between 400-
100,000 copies/mL receiving <4 stable antiretrovi-
ral drugs for at least 8 weeks received tenofovir 75,
150, 300 mg or placebo once daily to their back-
ground regimen. Baseline viral load ranged from
3.68-3.88 log,, copies/mL. A dose response was
observed with the greatest reduction in plasma HIV-
1 RNA shown in the tenofovir 300 mg group of 0.83
log,, copies/mL. No change in CD4 counts were
noted between the groups. No significant toxicities
were observed during this 24 weeks of observa-
tion®. These results are very significant in light of
the fact that 94% of these subjects had resistance
to zidovudine and/or lamivudine, but were tenofovir
sensitive.

While treatment intensification is an attractive al-
ternative to the standard approach of changing the
entire therapeutic regimen, it must be approached
with caution. In patients with extensive treatment
histories, this approach is likely to fail due to signif-
icant baseline resistance at the time of intensifica-
tion. Drugs with low thresholds for the development
of resistance, such as the non-nucleosides and
lamivudine, should be avoided because of the like-
lihood of the development of further resistance. Pa-
tients with relatively high plasma viral loads should
also not be considered candidates for intensifica-
tion, as the power of any single available agent may
not be enough. Clinicians considering this ap-
proach should consider utilizing a commercial re-
sistance assay prior to making the switch. Blood
samples for resistance testing should be drawn while
patients are receiving their treatment regimens.

Multi-drug rescue therapy, “mega-HAART”

A novel treatment approach has more recently
received serious attention in a very advanced
group of patients who have failed multiple drug
treatments. In one such cohort, the administration
of 6 or more drugs, many of them having been used
in the past, has been attempted and has been
termed “mega-HAART”. In one such group of 37
patients treated with at least 6 antiretroviral drugs,
10/24 who were followed for at least 8 months, were
shown to have decreased their viral load to <500
copies/mL. Prior drug “holidays” and sensitive
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Table 3. Examples of common treatment strategies.
Treatment Protease Inhibitor- Non-nucleoside- Double Protease Inhibitor- Triple Nucleoside-
Course Based Based Based Based
Initial indinavir or nelfinavir Efavirenz or nevirapine ritonavir (400 mg q12 h) plus stavudine/
+ + saquinavir (400 mg q12 h) or didanosine/
NRTI-1/NRTI-2 NRTI-1/NRTI-2 NRTI-1/NRTI-2 lamivudine or
abacavir/
zidovudine/
lamivudine
2nd line double protease Indinavir or nelfinavir efavirenz or nevirapine indinavir or
inhibitors (see above) + + nelfinavir
+ NRTI-3/NRTI-4 NRTI-3/NRTI-4 +
NRTI-3/NRTI-4 (optional to add a 5th NRTI NRTI-4
(optional to add and/or hydroxyurea) +
efavirenz or nevirapine) nevirapine or
efavirenz
3rd line no recommendation Double protease inhibitor no recommendation double protease
(see above) inhibitor (see
+ above)
NRTI-5/NRTI-6 +
NRTI-5/NRTI-6

NRTI: nucleoside reverse transcriptase inhibitor

Scheduled treatment interruption

A novel approach to treatment of patients failing
multiple drug therapies is withholding all therapy
for a period of time and then reinstituting >3 drugs
after a period of time. This strategy, termed “sched-
uled treatment interruption” or “drug holiday”, was
first reported by Miller et aP” in early 1999. Resis-
tance analyses are available for 39 patients, with a
shift to wild type virus occurring in 26/39 (67%).
Subsequent treatment with 3-8 drug regimens re-
sulted in a reduction in plasma HIV-1 RNA of 2.9
log,, copies/mL for patients with wild type virus,
versus 0.78 log,, copies/mL for those without a shift
to wild type. For patients with the shift to wild type
virus, 19/24 reached to < 500 copies/mL at 24
weeks compared to only 1/9 without the shift to wild
type. During the actual scheduled treatment inter-
ruption, HIV-1 RNA inceased by 0.71 log,,
copies/mL and CD4 counts decreased by a medi-
an 89 cells/mms3. These pilot results suggest that
scheduled treatment interruption associated. with
return to wild type virus may be of significant ben-
efit for patients who have failed multiple regimens.
Caution must be exer pYeOf rf] pg
who are likely to experience |gn|ficant decreas
in CD4 cell counts putting them at risk for cli |cal

disease progression?®, reprO uce
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The use of both genotypic and phen
tance testing to assist in the choice of
antiretroviral therapy has been used with a favor-
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Resistance testing is heipful to clini ians and pa-

tients because it allows for two things: 1) the exclu-
sion of drugs and drug classes unlikely to provide
any significant activity, and 2) the selection of drugs
that may be of benefit. The second point is impor-
tant as there are limitations on the value of these
tests, including the inability to adequately charac-
terize the extent and significance of circulating mi-
nority quasispecies that may carry resistance-as-
sociated mutations.

Two studies have demonstrated the benefit that
genotyping may provide. In the GART Study, 153
subjects who experienced virologic rebound fol-
lowing at least 16 weeks of protease inhibitor-
based therapy, were randomized to receive either
genotyping with expert interpretation or no geno-
typing, with decisions left to the primary clinicians.
All patients had individually selected salvage regi-
mens prescribed. The virology results at 4-8 weeks
showed that the GART group had a significantly
greater mean decrease of 1.19 log,, copies/mL
compared to only 0.61 log,, copies/mL in the no
genotyping group?®. Similar results were reported
in the VIRADAPT study. In this trial, 108 subjects

months of antiretroviral
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Phenotypic susceptibility testing has also been
shown to be predictive of improved antiviral re-
sponses. In one study, 71 treatment-experienced
subjects with a median plasma HIV-1 RNA of
70,644 copies/mL and CD4 count of 142 cells/mm?
were retrospectively studied with the ViroLogic
Phenosense® assay. A multivariate analysis re-
vealed that the number of sensitive drugs, using ei-
ther a susceptibility cut off of either < 2.5 or < 4.0,
was the best independent factor associated with
time to virologic failure (RR 0.59 per susceptible
drug; 0.46, 0.77). Antiretroviral history did not pro-
vide additional predictive value when added to this
model®2. These studies all support the use of resis-
tance testing when devising a rescue treatment
regimen. Not only will they likely aid in the selection
of active drugs, but they will save costs and poten-
tial toxicities of therapies unlikely to be of benefit.

Formulating a strategy

Initiating therapy and following published guide-
lines superficially appears quite easy. However, if a
miscalculation is made, the results can be quite un-
favorable for the patient, as subsequent options are
limited. It is necessary to strategize a sequence of
therapeutic interventions. A realistic goal for the
year 2000 is to suppress the virus as much as pos-
sible. Utilization of sequencing strategies, resis-
tance testing, intensification, “mega-HAART” thera-
py, and scheduled treatment interruptions are all
options currently available to clinicians and patients
requiring more suppressive therapy. The antiretrovi-
ral drugs currently in development coupled with the
potential for immune interventions look promising
and are likely to provide further significant benefit to
our patients. Table 3 outlines several of the strate-
gic approaches available to patients at the present
time.

Table 4. Treatment options for patients with suboptimal viral
suppression and/or rebound.

Change entire regimen

Change definition or threshold for viral rebound/failure
Treatment intensification

Recycling and use of multiple drugs (i.e. “Mega-HAART")
Scheduled treatment interruption

Resistant-testing based treatment changes

New antiviral agents and cl of drugs
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