
CLINICAL INVESTIGATION

Drug Susceptibility in HIV Infection
After Viral Rebound in Patients
Receiving Indinavir-Containing Regimens
Diane V. Havlir, MD
Nick S. Hellmann, MD
Christos J. Petropoulos, PhD
Jeannette M. Whitcomb, PhD
Ann C. Collier, MD
Martin S. Hirsch, MD
Pablo Tebas, MD
Jean-Pierre Sommadossi, PhD
Douglas D. Richman, MD

COMPLETE AND PROLONGED

suppression of human immu-
nodeficiency virus (HIV) rep-
lication is a primary objec-

tive of antiretroviral therapy.1 Rates of
viral suppression achieved by potent
combination therapies exceed 90% in
select clinical trial groups, but these
rates are less with the same regimens
outside research settings.2-4 Rebound of
plasma viremia also may occur after
having suppression below level of de-
tectability. Major factors contributing
to loss of suppression include subop-
timal drug potency, inadequate drug ex-
posure, and insufficient regimen ad-
herence. A large increase in CD4 cells
with therapy, providing more target
cells for virus replication, has been pro-
posed5 and observed6 to contribute to
loss of suppression.

Resistance to protease inhibitor (PI)
monotherapy is characterized by se-
quential acquisition of mutations con-

ferring stepwise reductions in drug sus-
ceptibility.7,8 Early mutant virus appears
to be fitness-disadvantaged vs wild-
type virus, but later mutations in pro-
tease and gag cleavage sites appear to
compensate for this.9-12 Early reports of
PI resistance featured patients failing
monotherapy or having a PI added to

their regimen. Multiple protease-
resistance mutations were present in vi-
rus isolated from these patients.7,8 How-
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Context Loss of viral suppression in patients infected with human immunodefi-
ciency virus (HIV), who are receiving potent antiretroviral therapy, has been attrib-
uted to outgrowth of drug-resistant virus; however, resistance patterns are not well
characterized in patients whose protease inhibitor combination therapy fails after achiev-
ing viral suppression.

Objective To characterize drug susceptibility of virus from HIV-infected patients who
are failingtosustainsuppressionwhile takingan indinavir-containingantiretroviral regimen.

Design and Setting Substudy of the AIDS Clinical Trials Group 343, a multicenter
clinical research trial conducted between February 1997 and October 1998.

Patients Twenty-six subjects who experienced rebound (HIV RNA level $200 copies/
mL) during indinavir monotherapy (n = 9) or triple-drug therapy (indinavir, lamivudine,
and zidovudine; n = 17) after initially achieving suppression while receiving all 3 drugs,
and 10 control subjects who had viral suppression while receiving triple-drug therapy.

Main Outcome Measure Drug susceptibility, determined by a phenotypic assay
and genotypic evidence of resistance assessed by nucleotide sequencing of protease
and reverse transcriptase, compared among the 3 patient groups.

Results Indinavir resistance was not detected in the 9 subjects with viral rebound
during indinavir monotherapy or in the 17 subjects with rebound during triple-drug
therapy, despite plasma HIV RNA levels ranging from 102 to 105 copies/mL. In con-
trast, lamivudine resistance was detected by phenotypic assay in rebound isolates from
14 of 17 subjects receiving triple-drug therapy, and genotypic analyses showed changes
at codon 184 of reverse transcriptase in these 14 isolates. Mean random plasma in-
dinavir concentrations in the 2 groups with rebound were similar to those of a control
group with sustained viral suppression, although levels below 50 ng/mL were more
frequent in the triple-drug group than in the control group (P = .03).

Conclusions Loss of viral suppression may be due to suboptimal antiviral potency,
and selection of a predominantly indinavir-resistant virus population may be delayed
for months even in the presence of ongoing indinavir therapy. The results suggest pos-
sible value in assessing strategies using drug components of failing regimens evalu-
ated with resistance testing.
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ever, these patients’ regimens had not
suppressed the virus fully, thus pro-
viding opportunity for selection of vi-
rus with resistance mutations. Resis-
tance patterns in patients failing PI
combination therapy following sup-
pression are less well characterized.

We describe drug susceptibility in 26
trial participants achieving suppression
with indinavir, zidovudine, and lamivu-
dine followed by loss of suppression.
Nine patients were receiving only indi-
navir when rebound was observed.

METHODS
Subjects

Subjectswerea subsetof theAIDSClini-
cal Trials Group 343 (ACTG 343) par-
ticipants(forwhomeligibilitycriteriawere
CD4cells$200 3 106/L,HIVRNAlevel
$1000copies/mL,limitedtreatment[,7
days] with PIs, and no prior treatment
with lamivudine or abacavir).6 The goal
forACTG343wastoassesswhethersup-
pression achieved by potent triple-drug
therapy could be sustained with less in-
tensive therapy.Subjects (n = 509)were
prescribed6monthsofopen-label induc-
tion therapy with indinavir, 800 mg ev-
ery 8 hours, lamivudine, 150 mg twice
daily,andzidovudine,300mgtwicedaily.
Levels of HIV RNA were assayed at
4-week intervals.Treatmentdiscontinu-
ation was recorded but detailed adher-
encestudieswerenotperformed.Subjects
withHIVRNAlevels lessthan200copies/
mL after 16, 20, and 24 weeks of induc-
tion therapywererandomized(blinded)
in the maintenance phase to receive in-
dinavirmonotherapy(n = 100), zidovu-
dine plus lamivudine (n = 104), or all 3
drugs (n = 105). Loss of suppression
(plasmaHIVRNAlevelsof$200copies/
mL) was the primary study end point.
Subjects reaching a study end point had
theoptiontoresumetriple-drugtherapy.
Ofthosereceivingindinavirandthosere-
ceivingzidovudinepluslamivudine,23%
in each arm had rebound early during
maintenance vs 3% of those continuing
triple-drug therapy.6 The first available
specimenswereassessed,asperresource
constraints, from 9 of 23 subjects (indi-
navir group) with rebound after switch-
ing to indinavir,17of75subjects (triple-

drug therapy group) with at least 1 HIV
RNA level of less than 200 copies/mL
during induction and 10 of 178 subjects
(control group) receiving triple therapy
with sustained suppression throughout
the trial. Subjects provided written in-
formed consent. Given the expectation
that more than 95% of subjects would
haveindinavir-resistantvirusatvirologic
rebound, there was a greater than 99.9%
probability that at least 1 subject in the
group of 9 patients and 99.9% probabil-
ity that at least 1 subject in the group of
17 would have indinavir-resistant virus
at rebound.

Phenotypic Resistance Testing
Resistancewasevaluatedusingapheno-
typic assay for drug susceptibility (Phe-
noSense, ViroLogic Inc, San Francisco,
Calif) on baseline and follow-up plasma
samples from all patients in the indina-
vir, triple-drug,andcontrolgroupsaspre-
viouslyreported.13Drugsusceptibilitywas
quantifiedbydeterminingthe50%inhibi-
toryconcentration(IC50)ofdrugassayed
in vitro of a recombinant test strain in-
corporating protease and reverse tran-
scriptasegenesegments frompatient iso-
lates in the presence of protease and re-
verse transcriptase inhibitors compared
with a control (NL4-3) strain. The IC50

values greater than 2.5-fold those of the
drug-susceptiblereferencestrainindicated
reducedsusceptibilitybasedonassayvali-
dation studies.14

Genotypic Resistance Testing
Sequenceanalysisofdrug-resistancemu-
tations in reverse transcriptase and pro-
tease genes was done using population-
basedsequenceanalysis (PEBiosystems,
Foster City, Calif) on all resistance test-
vector plasmid pools evaluated for evi-
denceof resistancebyphenotypicassay.
Amino acid substitutions identified via
comparison with NL4-3 were reported.
As with the PhenoSense assay, the se-
quencing results represent the majority
species of the HIV RNA amplified from
plasma,except in1case involving1sub-
ject. In a prior study evaluating the sen-
sitivityof thismethod fordetectingmix-
turesofviruspoolswith5HIVpolymer-
ase gene polymorphisms, we found that

the majority population was readily de-
tectable.15 Minority species may not be
uniformly detected by this method. Re-
sistancemutationswereclassifiedaspri-
mary or secondary based on recent con-
sensus guidelines.16

Indinavir Concentrations
Indinavirconcentrationsweremeasured
in a central laboratory using high-
pressure liquid chromatography on
plasma from 29 subjects with available
bankedplasmasamples fromtimepoints
coincidingwithACTG343protocolvis-
its. After extracting indinavir with ethyl
t-butyl ether, indinavir and an internal
standard were back-extracted from the
organic layer followingacidification.Re-
peat extraction of indinavir and the in-
ternalstandardwithmethyl t-butylether
wasperformedafterbasificationand the
final organic was decanted and evapo-
rated. The residue was dissolved with a
phosphate buffer and acetonitrile mix-
ture, and the extract was analyzed us-
ing high-pressure liquid chromatogra-
phywithcolumnswitching.Chromato-
graphpeaksweremonitoredbyassessing
absorbance at 210 nm.

The standard curve range for the indi-
navir assay ranged from 5 to 500 ng/mL.
Precisionand inaccuracywere5.0%and
5.8%, respectively, at the low standard,
and 1.6% and 0.7% at the high standard.
Theindinavirconcentrationwasweighted
bynumberof indinavirmeasures(range,
4-8) for each subject. Mean and median
of indinavir values for each subject were
usedtogenerateweightedmeanandme-
dian indinavir concentrations for each
group. These values were compared us-
ingKruskall-Wallis analysisof variance.
The proportion of subjects with at least
1 indinavir value of less than 50 ng/mL
was compared among the 3 groups us-
ing Fisher exact test.

RESULTS
Drug Susceptibility With
Maintenance Therapy

During inductionof triple-drugtherapy,
suppression below a plasma HIV RNA
level of 50 copies/mL was achieved in
the9subjects subsequently randomized
to indinavir maintenance monotherapy
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(mean baseline HIV RNA level, 46 109
copies/mL).FoursubjectshadHIVRNA
levels of less than 50 copies/mL by 8
weeks,2by12weeks,and3by16weeks.
Rebound was detected 2 to 8 weeks af-
ter subjects switched to maintenance
therapy.PeakHIVRNAlevelsduringre-
boundrangedfrom103 to105 copies/mL.

Viral isolates were assayed for drug
susceptibility and drug-resistance muta-
tions 3 to 14 weeks after the switch to
indinavir monotherapy, and for 3 sub-
jects were assessed at 2 sequential time
points (TABLE 1). Levels of HIV RNA
ranged from 102 to 105 copies/mL in the
samples collected at the same time
points used for drug susceptibility test-
ing. Viral isolates at baseline and dur-
ing rebound showed no reduction in
susceptibility to indinavir or to PIs nel-
finavir, ritonavir, and saquinavir.

Nucleotide sequencing detected no
primary mutations known to be associ-
ated with indinavir resistance (codons
46 and 82). Changes at codons 10, 20,
24, 32, 54, 63, 71, 73, and 90 were re-
ported in patients with indinavir resis-
tance and classified as secondary muta-
tions.16 Persons infected with HIV may
have changes at these codons prior to
therapy. Subjects 4 and 7 had L63P at
baseline, and subjects 1 and 2 had this
substitution identified in rebound iso-
lates. Subject 3 had L10I at baseline.

After loss of suppression was con-
firmed, subjects were encouraged to
change therapy. Five of the 9 subjects
discontinued study participation after re-
bound was detected. Four subjects re-
sumed open-label, triple-drug therapy
with indinavir, zidovudine, and lamivu-
dine. At the time zidovudine and lam-
ivudine were added back to the indina-
vir monotherapy regimen, the viral loads
had been greater than 200 copies/mL for
2 to 8 weeks. Suppression was achieved
by 4 weeks in 3 subjects and sustained
for 7 to 10 months. Initial suppression
was lost 4 months after all 3 drugs were
resumed in the fourth subject.

Drug Susceptibility
With Triple-Drug Therapy
No significant changes in indinavir sus-
ceptibility were detected during re-

bound in the 17 patients receiving
triple-drug therapy despite peak HIV
RNA levels during rebound of 1864 to
138 989 copies/mL (TABLE 2) (a rep-
resentative subject’s experience is il-
lustrated in the FIGURE). The primary
indinavir-resistance mutation M46L
was identified in subject 24 at week 35
but not week 41. Antiretroviral therapy
interruption with reduction of selec-
tive pressure shortly after the week 35
visit may explain the reappearance of
wild-type virus at week 41. Secondary-
resistance mutations were present at
baseline at codon 63 (9 subjects), codon
10 (5 subjects), and codon 71 (2 sub-
jects), but no new secondary indinavir-
resistance mutations appeared in any
rebound isolate. Duration of observa-
tion during rebound (mean, 6 months;
range, 1-12 months) was longer in pa-
tients failing triple-drug therapy vs
those with rebound when receiving in-
dinavir maintenance therapy (mean, 1
month; range, 0.5-2.5). Although en-
couraged to switch to alternative anti-
retroviral regimens, patients chose to
continue taking this triple-drug therapy
due in part to the limited number of
other regimens available at that time.

In 14 of the 17 subjects, lamivudine
resistance was detected with the phe-
notypic assay in viral isolates obtained

during rebound. Sequencing con-
firmed that the methionine to valine
substitution at codon 184 of reverse
transcriptase, known to confer high-
level resistance to lamivudine, was pres-
ent in all 14 isolates. In 13 of the 14 sub-
jects with lamivudine resistance,
lamivudine susceptibility decreased by
more than 100-fold at rebound vs the
control isolate. In 1 of the 14 subjects,
a mixture of isolates with methionine
and valine were present, and suscepti-
bility to lamivudine was 7-fold less than
that in the control group. Rebound iso-
lates were sensitive to lamivudine in 3
subjects. In analyses from a separate
pharmacokinetic study (J-P.S., unpub-
lished data, 1999), indinavir concen-
trations were undetectable at weeks 12,
20, and 35 in subject 24, who had no
resistance to lamivudine, suggesting
prescribed medications were not taken.

Random Indinavir Levels
Detectableindinavirconcentrationswere
present in 98% of samples from the in-
dinavir group, 72% from the triple-drug
group, and 82% from the control group.
At least 4 samples per patient were as-
sessed (mean, 5.4 per patient). Indina-
vir levelswereobtainedbothduringsup-
pressionandreboundin7patients in the
triple-therapy group and 2 patients in

Table 1. Drug Susceptibility in Subjects With Viral Rebound Receiving
Indinavir Maintenance Therapy*

Subject

HIV RNA, copies/mL
Weeks of Indinavir

Maintenance
at Assay‡

Secondary Indinavir-
Resistance
Mutations§Baseline

During Viral
Rebound†

1 168 035 2386 4, 12 L63P

2 4570 37 607 8 L63P

3 58 586 155 000 8, 14 None

4 8491 13 411 8 None

5 9065 1107 12 None

6 3956 1852 4 None

7 28 870 16 545 3, 8 None

8 44 513 62 012 6 None

9 65 582 2430 3 None

*There were no primary indinavir-resistance mutations with substitutions at codons 46 and 82.
†Peak level of human immunodeficiency virus (HIV) RNA during rebound when the viral isolates were assayed for drug

susceptibility.
‡Each isolate assayed at these time points was sensitive for indinavir susceptibility. Sensitive was defined by 50% in-

hibitory concentration (IC50) of drug assayed in vitro less than or equal to 2.5-fold that of control isolate; resistance
was defined as IC50 greater than 2.5-fold those of control.

§Substitutions at the following codons have been associated with indinavir resistance: 10, 20, 24, 32, 54, 63, 71, 73,
and 90.16 Some patients had polymorphisms at these codons prior to therapy initiation. Only those substitutions
present during rebound but not at baseline are shown here.
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theindinavirgroup.Levelswereobtained
duringsuppressionfortheothersubjects.
Weightedmeanindinavirconcentrations
were 1486, 1429, and 1627 ng/mL for
indinavir, triple-drug, and control
groups, respectively, and were not sig-
nificantly different (TABLE 3). In the
triple-therapy group, mean indinavir
concentration was 990 ng/mL during
suppression and 1280 ng/mL during re-
bound (P = .74). Although weighted
mean indinavir concentrations did not
differ significantly among groups, the
proportion of patients with at least 1 in-
dinavir levelbelow50ng/mLwashigher
in the group failing triple therapy vs the
control group (P = .03; Table 3).

COMMENT
In earlier studies of PI resistance in pa-
tients receiving combination antiretro-
viral therapy, patients received sequen-
tial therapy and plasma HIV RNA lev-
els were only partially suppressed.17

Under these conditions, PI-resistant vi-
rusemergedrapidly.Theseobservations
and similar ones involving PI mono-
therapy18 led to the generally held as-
sumption thatwhensuppression failure
occurs with a regimen containing a PI,
PI-resistantvirusaccounts forHIVRNA
rebound. Failure to detect resistance in
some patients was attributed to regimen
nonadherence.19,20 The results from this
studyandotherschallenge thisviewand
suggestthatsuboptimalantiviralpotency
permits rebound, and that selection of
apredominantlyPI-resistantviruspopu-
lation may be delayed for months.21,22

The patients in this study had sup-
pressed viral load to below 50 cop-
ies/mL while taking triple-drug therapy.
Suppression was then lost either when
continuing triple therapy or when
switching to indinavir maintenance
therapy. In both groups, indinavir lev-
elsweredetectable inmost samples tested
and indinavir-sensitive virus was the pre-
dominant population identified during
rebound. In most patients continuing to
receive lamivudine as part of triple-
drug therapy, virus was lamivudine-
resistant phenotypically and genotypi-
cally at the time of rebound. Outgrowth
of indinavir-sensitive, lamivudine-

Figure. Indinavir Susceptibility During Viral Rebound of Subject 12 While Receiving
Triple-Drug Therapy of Indinavir, Zidovudine, and Lamivudine
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The baseline and 4 isolates tested during rebound at weeks 30, 36, 46, and 61 remained sensitive (S) to indi-
navir. Indinavir levels were detectable at all time points tested except week 8, which immediately preceded
loss of viral suppression.

Table 2. Drug Susceptibility in Subjects Receiving Indinavir, Zidovudine, and Lamivudine
With Viral Rebound*

Subject

Maximum
Weeks
of Viral

Rebound
at Assay

Peak HIV RNA
Level During Viral

Rebound,
copies/mL

Weeks of
Triple-Drug
Therapy at

Assay

Susceptibility†
Genotype of
Codon 184V
of Reverse

TranscriptaseIndinavir‡ Lamivudine

10 12 32 962 32, 36, 44 Sensitive Resistant M184V

11 17 22 426 24, 31 Sensitive Resistant M184V

12 37 68 659 30, 36, 46, 61 Sensitive Resistant M184V

13 22 10 320 16, 24, 38 Sensitive Resistant§ M184V/wild-type
mixture

14 25 6220 20, 45 Sensitive Resistant M184V

15 20 2996 24, 36, 44 Sensitive Resistant M184V

16 4 1864 16, 20 Sensitive Resistant M184V

17 8 2460 29, 38 Sensitive Resistant M184V

18 19 3967 24, 35 Sensitive Resistant M184V

19 28 19 487 20, 48 Sensitive Sensitive Wild type

20 16 57 917 20, 28 Sensitive Resistant M184V

21 36 10 061 26, 62 Sensitive Sensitive Wild type

22 29 6240 49 Sensitive Resistant M184V

23 46 11 493 66 Sensitive Resistant M184V

24 25 49 697 35, 41 Sensitive Sensitive Wild type

25 24 138 989 24, 40 Sensitive Resistant M184V

26 49 27 172 65 Sensitive Resistant M184V

*The baseline isolates contained polymorphisms considered secondary indinavir-resistance mutations in 16 subjects
and are listed in the “Results” section. HIV indicates human immunodeficiency virus.

†Sensitive defined as 50% inhibitory concentration (IC50) of drug assayed in vitro less than twice that of control isolate;
resistance defined as IC50 2.5-fold greater than that of control.

‡There were no primary or secondary indinavir-resistance mutations except for subject 24, who had a primary muta-
tion at M46L.

§This isolate had a 7-fold reduction in susceptibility vs all the other resistant isolates (which had .100-fold reductions).
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resistant virus with continuing treat-
ment pressure may be explained by vi-
ral fitness and antiviral potency.

By definition, the predominant virus
replicating under a set of selective pres-
sures is the most fit. For lamivudine or
non–nucleoside reverse transcriptase in-
hibitors such as nevirapine or efavi-
renz, a single nucleotide change can con-
fer a 20- to 1000-fold reduction in
susceptibility.23-26 In the presence of
drugs, the mutant virus is so much more
fit that it will predominate. Clinical data
confirm that when antiviral potency of
a regimen containing one of these drugs
is insufficient to suppress replication,
drug-resistant virus rapidly emerges.27-29

Most patients failing triple therapy herein
had lamivudine resistance. In a study of
isolates frompatientswith reboundwhen
taking an efavirenz and indinavir com-
bination regimen, most isolates were re-
sistant to efavirenz.30

Why did indinavir-sensitive virus ap-
pear in patients continuing therapy?
Possible factors include impaired fit-
ness of early indinavir-resistant mu-
tant virus, reduced antiviral potency,
and an increase in target cells. In con-
trast to lamivudine and non–nucleo-
side reverse transcriptase inhibitors, de-
velopment of high-level resistance to PIs
and zidovudine requires the accumu-
lation of multiple mutations.9,10,31,32 For
PIs, the first mutation confers only lim-
ited reduction in susceptibility, usu-
ally less than 10-fold.33 Also, the first
mutations adversely affect protease
function and virus replication.9-11,34

Thus, a virus with 1 or 2 mutations is
less fit than wild type, even in the pres-
ence of drugs.

In those receiving indinavir mainte-
nance therapy, reduction in antiviral po-
tency (ie, discontinuation of zidovu-
dine and lamivudine) allowed increased
viral replication. Because the wild-type
virus had a fitness advantage over early
mutant virus, it was the predominant
population for months. Replication may
also have been enhanced by an increase
in target cells. In patients randomized to
maintenance therapy in ACTG 343, loss
of suppression was most likely in those
with the greatest increment in CD4 cell

number,6 supporting predator-prey mod-
els proposed to explain viral dynamics
in patients receiving zidovudine.35 The
models were later extended to induction-
maintenance treatment strategies.5 In
these models, increased numbers of tar-
get cells resulting from treatment pro-
vide better conditions for the virus when
suppression is incomplete.

Based on prior studies of indinavir
monotherapy,onewouldexpectthathad
patients failing indinavir maintenance
therapy not been switched back to more
potent regimens, indinavir-resistant vi-
ruswouldhavebecomethepredominant
population. Continuing growth of the
breakthrough virus in the presence of
drug selects for an accumulation of mu-
tations conferring both reduced suscep-
tibilityandcompensationfor theadverse
impact of resistance mutations on pro-
teasefunctionandvirusreplication.Com-
pensatorymutationshavebeenwellchar-
acterizedbothinproteaseoutsidethesub-
stratebindingsiteandinproteasecleavage
sites in gag.9-11,34 The maximum period
of observation of indinavir maintenance
failureswas3months. It isprobable that
selectionofearly indinavir-resistantmu-
tant virus occurred, but that the preva-
lence remained below the limit of detec-
tion of the assay used to assess drug sus-
ceptibility.

In patients failing triple-drug therapy,
diminished antiviral potency (as a re-
sult of suboptimal adherence or drug
delivery) undoubtedly contributed to
rebound. Although the specimen col-
lection schedule was not designed to as-
sess indinavir exposure, evaluation of
random samples for indinavir levels
suggested that patients taking triple-

drug therapy that was failing had more
dosing interruptions than the indina-
vir maintenance group (data not
shown). Brief periods of low or unde-
tectable drug levels may have allowed
unabated replication and the fitness dis-
advantage of early indinavir-resistant
mutant virus may have allowed sensi-
tive virus to predominate for months.

In terms of alternative hypotheses to
explain outgrowth of virus wild type in
protease with indinavir, the presence of
p7/p1 or p1/p6 gag cleavage-site muta-
tions were ruled out by the sequencing,
whichalsoexcluded the theoreticalpos-
sibility of a gag-pol frameshift mutation
resulting in increasedexpressionofpro-
tease.Also,drugeffluxtransporterscould
have diminished indinavir’s effect and
not been detected via measure of indi-
navir levels.Thispossibility is supported
by the recent recognition of P glycopro-
tein transporters that can serve as pro-
tease efflux pumps in vitro.36,37

Our findings have several clinical im-
plications. First, in patients failing sup-
pressive antiretroviral combination regi-
mens, the predominant virus pop-
ulation may be resistant to 1 (ie, lam-
ivudine), but not all (ie, PI) compo-
nents of the regimen. Second, not all
drugs in a failing regimen (defined as
a rebound in HIV RNA levels) may be
lost options. Third, these data suggest
that drug-resistance testing early after
loss of suppression may be useful in
identifying components of a failing regi-
men that might be useful in a new com-
bination regimen. These results sug-
gest value in assessing strategies using
drug components of a failing combi-
nation evaluated by resistance testing.

Table 3. Random Plasma Indinavir Concentrations*

Group
No. of

Subjects
No. of

Measures
Range,
ng/mL

Indinavir
Concentration, ng/mL

No. of Subjects
With at Least 1
Indinavir Value

,50 ng/mLMean (SE) Median

Indinavir 9 51 114-4928 1486 (584) 522 5

Triple drug 10 55 22-3585 1429 (370) 1084 9

Control† 10 50 375-3047 1627 (309) 1585 4‡

*Indinavir levels were obtained both during suppression and viral rebound for 7 patients in the triple-therapy group and
2 patients in the indinavir group. For the other subjects, levels were obtained during suppression.

†Patients maintaining suppression who were receiving indinavir, zidovudine, and lamivudine.
‡The proportion of subjects with at least 1 indinavir value less than 50 ng/mL is significantly higher in the triple-drug

group vs the control group (P = .03).
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However, systematic studies are needed
to address concerns that retaining part
of a regimen that appears sensitive on
resistance testing could lead to selec-
tion of resistant minority species that
may contribute to virologic failure of
the new regimen and reduced treat-
ment options. Finally, it must be ac-
knowledged that PI-sensitive virus in
patients taking a failing regimen is not
necessarily evidence of nonadher-
ence.
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