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Objective: To assess the safety and ef®cacy of three new drugs in patients with
antiretroviral failure and to correlate retrospectively baseline factors with virological
response.

Design and setting: Open-label, 48-week, single-arm, multi-center phase II trial
conducted at nine US university or government clinics and private practices.

Patients and interventions: Patients with HIV-1 RNA > 500 copies/ml despite
> 20 weeks of treatment with at least one protease inhibitor received abacavir 300 mg
twice a day, amprenavir 1200 mg twice a day and efavirenz 600 mg once a day. Other
antiretrovirals were prohibited until week 16 except for substitutions for possible
abacavir hypersensitivity.

Main outcome measures: HIV RNA at weeks 16 and 48.

Results: A total of 101 highly treatment-experienced patients enrolled; 60 were naive
to non-nucleoside analog reverse transcriptase inhibitors (NNRTI). HIV RNA
, 400 copies/ml was attained in 25 out of 101 (25%) patients at 16 weeks (35% of
NNRTI-naive and 10% of -experienced patients) and 23 (23%) patients at 48 weeks
(33% of naive and 7% of experienced patients). CD4 cells increased by a median of
15 3 106 and 43 3 106 cells/l at weeks 16 and 48, respectively. Drug-related rash
occurred in 50 out of 99 (51%) of patients, and 17 out of 99 (17%) permanently
discontinued one or more drugs as a result. Lower baseline viral load, fewer NNRTI-
related mutations, absence of decreased abacavir (> 4-fold) and efavirenz (> 10-fold)
susceptibility, and greater number of drugs to which virus was susceptible were
associated with virological response at week 16.

Conclusions: Abacavir, amprenavir and efavirenz durably reduced HIV RNA and
increased CD4 cell counts in a subset of treatment-experienced adults. Baseline viral
load and some genotypic and phenotypic markers of resistance correlated with HIV
RNA response. & 2002 Lippincott Williams & Wilkins
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Introduction

Despite the durable antiviral responses and clinical
bene®t seen in many HIV-1-infected patients treated
with combination antiretroviral regimens, practitioners
are confronted by an increasing number of patients
whose regimens fail to control viral replication ade-
quately [1,2]. Selecting treatment regimens for these
patients is now one of the most important issues in
HIV disease management. Although the use of resis-
tance testing in the setting of antiretroviral failure is
recommended, it is not clear how to use genotype or
phenotype to select a regimen for treatment-experi-
enced patients [3,4].

We conducted an open-label, single-arm study of three
(at the time) investigational agents, abacavir, amprena-
vir, and efavirenz, in patients with regimen failure.
These drugs represent all three major classes of anti-
retroviral agents: abacavir is a nucleoside analog reverse
transcriptase inhibitor (NRTI), amprenavir a protease
inhibitor (PI), and efavirenz a non-nucleoside analog
reverse transcriptase inhibitor (NNRTI). Thus, the
study complied with recommendations to use three
new drugs in patients with suspected drug failure [3].
The objectives of this study were to assess the safety
and antiretroviral effect of abacavir, amprenavir and
efavirenz in an antiretroviral-experienced population
that included both NNRTI-naive and -experienced
patients. Because we anticipated cross-resistance in
patients previously exposed to drugs in the same classes,
we also planned to examine the correlation between
baseline genotype and phenotype and viral load out-
come to de®ne a population in whom this regimen
should prove most useful.

Methods

Entry criteria and procedures
CNAA2007 was a phase II, open-label, single-arm,
multicenter study with a planned enrollment of 100
adults (aged > 13 years) with HIV RNA > 500 co-
pies/ml despite at least 20 weeks of a PI-containing
combination regimen and at least 12 weeks without
change in PI. Enrollment of at least 30 patients with
HIV RNA , 40 000 copies/ml and at least 60 patients
without (fewer than 7 days) prior NNRTI exposure
was mandated to ensure representation of these groups.
Hemoglobin > 10.0 g/dl for men and > 9.0 g/dl for
women, neutrophils > 1 3 109/l, platelets > 75 3
109/l, transaminases < 5 times the upper limit of
normal, serum pancreatic amylase < 1.5 times the
upper limit of normal, and estimated creatinine clear-
ance . 50 ml/min were required for entry. There was
no CD4 cell count restriction. Pregnant women were
excluded and immunomodulators prohibited. Drugs

metabolized via cytochrome P450 were prohibited or
to be used with caution. Institutional review boards at
the nine sites reviewed the protocol, and all subjects
provided written informed consent. Drug histories
were obtained by patient report. Patients began abaca-
vir 300 mg twice daily, amprenavir 1200 mg twice
daily, and efavirenz 600 mg daily without a washout
period. They had clinical and laboratory assessments at
weeks 2, 4, 8, and every 8 weeks thereafter. Testing,
performed at a central site, included HIV RNA, CD4
cell counts, standard hematologic and chemistry panels,
amylase, and non-fasting triglyceride and cholesterol
levels.

Subjects who developed rash together with systemic
symptoms were to have all study medications inter-
rupted but could be re-challenged with efavirenz and
amprenavir with other NRTI substituted for abacavir.
After week 16, all subjects were permitted to add other
antiretroviral drugs provided they remained on at least
two study drugs. Genotype and phenotype were not
available for use in regimen changes. Withdrawal was
mandated for a con®rmed HIV RNA increase .1 log10

copies/ml above baseline.

Laboratory methods
Lymphocyte subsets were analyzed by ¯ow cytometry.
HIV-1 HIV RNA was measured by the Roche
Amplicor HIV-1 monitor test (Roche, Branchberg,
New Jersey, USA; level of detection 400 copies/ml).
For genotyping, plasma population sequencing was
conducted using reverse transcription±PCR and auto-
mated sequencing of reverse transcriptase (RT), gag
cleavage sites (p7/p1 and p1/p6), and protease coding
regions of the pol gene. HIV-1 RNA was isolated from
plasma, and complementary DNA of the RT and
protease were made enzymatically and ampli®ed by
PCR. PCR products were population sequenced using
a PRISM Big dye terminator cycle sequencing kit
(Applied Biosystems, Foster City, CA, USA) and
resolved on an ABI377 sequencer. RT and protease
mutations as catalogued by Schinazi et al. were
analyzed [5]. Phenotyping was conducted at Virco
(Mechelen, Belgium) [6]. The 50% inhibitory concen-
tration (IC50) was calculated for recombinant and wild-
type reference strains and the ratio of IC50 reported as
fold change in susceptibility. Low HIV RNA (no PCR
product) or poor growth of recombinant virus resulted
in missing data.

Data analysis and statistics
Study populations
The safety population included all subjects exposed to
at least one dose of drugs (Table 1). Adverse events
were graded according to a modi®ed AIDS Clinical
Trials Group scale and were considered to be treat-
ment-emergent if absent at baseline or if > 1 grade
increase occurred. The denominator for the intention-
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to-treat (ITT) analysis was all enrolled subjects. For
analyses of treatment success, missing values, disconti-
nuations of all study drugs, new con®rmed Centers for
Disease Control and Prevention Class C events, and
deaths were carried forward as treatment failures.
Subjects who discontinued one study drug or added
antiretroviral agents after 16 weeks as permitted by the
protocol could have been counted a success. Those
patients receiving only the assigned combination at the
time of analysis formed the per protocol subpopulation;
this population at week 16 was used for the virology
analysis (virology subpopulation).

Analysis of predictors of response
Correlation between baseline resistance, virological and
immunological parameters and week 16 virological
response was performed on the virology subpopulation
using univariate and multivariate analyses. Virological
success, de®ned as week 16 HIV RNA , 400 copies/
ml, was the outcome variable. For genotype analysis,
predictor variables included HIV RNA, CD4 cell
count, each speci®c resistance-associated mutation, and
number of mutations associated with each drug class.
The following mutations were considered resistance-
associated mutations: for RT, M41L, A62V, K65R,
D67N, T69D, 69 insertions, K70R, L74V, V75M/I,
F77L, Y115F, F116Y, Q151M, M184V/I, L210W,
T215Y/F, and K219Q/E and the NNRTI mutations
A98G, L100I, K101E/I/Q, K103N, V106A, V108I,
V179D/E, Y181C/I, and G190A; for protease, L10I/
V/F/R, D30N, V32I, F33V/F,M36I, M46I/L, G48V,
I54V/L, L63P, A71I/V/T, G73S, V77I, V82A/F/T,
I84V, N88S and L90M. For phenotype analysis, pre-
dictor variables included HIV RNA, CD4 cell count,
four- and 10-fold reduced susceptibility to efavirenz,
amprenavir and abacavir, and the cumulative number
of active drugs (de®ned by phenotype). Predictors of
virological response were assessed with logistic regres-
sion models (P values from likelihood ratio tests) or a
decision tree-based procedure (based on the ÷2 test) as
appropriate.

Results

Study population
The study opened in December 1997 and enrolled 101
subjects, 17% female and 21% non-white. Baseline
characteristics are presented in Table 1. Eighty-seven
percent of subjects had . 2 years of prior antiretroviral
therapy. NNRTI-experienced patients (59% of the
total) had higher median baseline viral loads, more
advanced HIV disease, and more PI exposure at base-
line.

Subject accountability
Ninety-nine patients received study drugs and thus
formed the safety population (Fig. 1); 82 were on study
at week 16 and 54 at week 48. For the analysis of
correlates of response, baseline reverse transcriptase and
cleavage sites/protease genotypes were obtained for 73
out of 74 and 95 out of 101 patients in the virology
subpopulation and the ITT population, respectively.
Baseline phenotypic resistance data were obtained for
57 and 69 patients in the virology subpopulation and
the ITT population, respectively.

Plasma HIV RNA and CD4 cell response to
therapy
The median decrease in HIV RNA from baseline was
0.33 (n � 83) and 0.85 (n � 51) log10 copies/ml at
weeks 16 and 48, respectively. The majority of patients
had some antiviral response: 61% (62/101) of patients
experienced .0.5 log10 decrease in HIV RNA (a pre-
speci®ed secondary endpoint) between baseline and
week 2; however, the proportion with this response
diminished to 35% at week 16; it was then approxi-
mately stable (32%) at week 48. The proportion with
HIV RNA , 400 copies/ml was smaller: 25 out of
101 (25%) at week 16 (Fig. 2). Patients were permitted
to change drugs because of toxicity prior to week 16;
thus, eight (35%) out of 23 patients with HIV RNA
, 400 copies at week 16 had substituted other NRTI
for abacavir.

Table 1. Baseline characteristics of study populations.

ITT population
Per protocol

Characteristic
Total (n � 101) NNRTI-naive

(n � 60)

NNRTI-
experienced

(n � 41)

(virology)
subpopulation

(n � 74)

Age (years) [median (range)] 40 (22±58) 42 (22±54) 38 (29±58) 41 (26±58)
Plasma HIV-1 RNA (log10 copies/ml) [median

(range)]
5.1 (3.4±6.6) 4.7 (3.4±6.3) 5.3 (4.2±6.6) 5.0 (3.4±6.6)

CD4 cell count (3 106/l) [median (range)] 162 (9±782) 195 (9±782) 106 (9±607) 169 (9±782)
Patients who had received 3±4 prior PI (%) 62 52 78 61
Patients who had received 4±5 prior NRTI (%) 74 74 73 73
NNRTI naõÈve patients (%) 59 100 0 58

ITT, Intention-to-treat; NRTI, nucleoside analog reverse transcriptase inhibitor; NNRTI, non-nucleoside analog reverse
transcriptase inhibitor; PI, protease inhibitor.
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Subjects were allowed to add other antiviral agents for
reasons other than toxicity after week 16, and by week
48, 27 (50%) of the 54 subjects on study had added to
the study regimen. The 23 subjects (23%) who had
HIV RNA , 400 copies/ml at week 48 represent 20
of the 25 who achieved this viral load at week 16 plus
three others; eight patients had added other drugs to
the regimen.

The antiviral activity of the regimen was different in
the different treatment strata. Of NNRTI-experienced
patients with pre-entry HIV RNA .40 000 copies/ml,
only two out of 35 (6%) had HIV RNA , 400 copies/
ml at week 16 compared to 12 out of 28 (43%)
NNRTI-naive patients with HIV RNA , 40 000 co-
pies/ml (P , 0.001, Fisher's exact test). Those who
were NNRTI-naive were more likely to have re-
mained exclusively on all three study drugs and to have
HIV RNA , 400 copies/ml at week 48 (14/22 if
NNRTI-naive vs. 1/5 if NNRTI-experienced).

In a week 16 per protocol analysis (virology subpopula-
tion), 32% (24/74) of patients had HIV RNA
, 400 copies/ml: 47% (20/43) of the NNRTI-naõÈve
and 13% (4/31) of the NNRTI-experienced patients.

In the week 48 per protocol analysis, 56% (15/27) of
patients had HIV RNA , 400 copies/ml.

The median increase in CD4 cells was 15 3 106/l
(n � 82) at week 16 and 43 3 106/l (n � 50) at week
48.

Safety
All study drugs were stopped because of adverse events
in 12 out of 99 (12%) and 21 out of 99 (21%) patients
prior to week 16 and week 48, respectively. Eight
others stopped abacavir only. No patient stopped
efavirenz or amprenavir alone prior to week 16. Rash
was the most common cause of study drug discontinua-
tion (17/99, 17%). Signs and symptoms possibly attri-
butable to abacavir hypersensitivity occurred in 14 out
of 99 (14%) patients. Common (. 20% of subjects)
drug-related adverse events grades 1±4 (99 subjects
assessed) and treatment emergent grade 3/4 laboratory
abnormalities (92 subjects assessed) through study week
72, the time of study closure, were as follows: rash, 50
(51%); nausea, 41 (41%); diarrhea, 27 (27%); sleep
disorders, 27 (27%); dizziness, 25 (25%); fatigue, 23
(23%); hypertriglyceridemia (non-fasting specimen), 18
(20%); neutropenia, eight (9%); hyperamylasemia, four

On assigned combination only
at week 48

Per Protocol Subpopulation
n 5 27

On assigned combination
at week 16

N 5 74
Virology (As-Treated) Subpopulation

Enrolled
N 5 101

ITT Population

Treated
N 5 99

Safety Population

Not treated
N 5 2

Permanently
discontinued abacavir only

prior to week 16
N 5 8

Permanently
discontinued all study
drugs prior to week 16

N 5 17

On assigned
combination
at  week 48

N 5 49

Not on assigned
combination
at  week 48

N 5 50

On assigned combination
with additional antivirals

at  week 48
N 5 22

On 2 of 3 study drugs
with additional antivirals

at  week 48
N 5 5

Permanently discontinued
all study drugs

prior to  week 48
N 5 45

Fig 1. Subject accountability and de®nition of study populations.
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(4%); leukopenia, three (3%); hypercholesterolemia,
two (2%); elevated alkaline phosphatase, one (1%);
elevated aspartate aminotransferase, one (1%). No rash
was serious (grade 3 or 4). Minor changes in median
triglyceride values occurred (median increase of

0.050 mmol/l at week 16). Median increases in choles-
terol were observed with a maximum change of 1.25
mmol/l at week 48, but medians remained within the
normal range. Two patients died, one of lung cancer
and one of lymphoma.

Analysis of predictors of response
The baseline characteristics of the virology subpopula-
tion were similar to those of the ITT study population
(Table 1). Genotypes and phenotypes in the virology
subpopulation were similar to those in the ITT popu-
lation (data not shown).

Baseline genotype
Baseline genotypic resistance was common in the 95
subjects for whom complete data were obtained: 75%
had four or more RT mutations and 81% had four or
more protease mutations. The median (range) number
of RT and protease mutations at baseline was 5 (0±10)
and 6 (0±9), respectively. The number of NNRTI-
associated mutations in viruses from NNRTI-experi-
enced patients ranged from 0 (in six subjects) to ®ve.
Eight NNRTI-naive patients had viruses with one to
three NNRTI-associated mutations. The most com-
mon NRTI-associated mutations were T215F/Y
(85%), M41L (67%), M184V (66%), D67N (53%) and
T69D (34%). L74V and Y115F were present in eight
and two isolates, respectively. Mutations associated
with multiple NRTI resistance were detected in 7%
(7/95): Q151M complex in three patients and 69
insertion in four. In protease, the most common substi-
tution was at position 10 (74%); other common
mutations were L90M (68%), A71V or T (66%), M46L
or I (54%), V82A/F/T (42%), I54V (41%) and I84V
(28%); I50V was not detected. Cleavage site mutations
A to V at residue P2 of p7/p1 and L to F, P or V at
residue P1 of p1/p6 were observed in 44% and 15% of
isolates, respectively. NNRTI-associated mutations ob-
served were Y181C (28%), K103N (24%), and A98G
(11%).

Baseline phenotype
Phenotype was obtained for isolates from 63 to 69
subjects depending on the drug considered. Phenotypic
sensitivity (< 4-fold) to amprenavir was found in 55%;
abacavir in 45%, and efavirenz in 59%. Less than 10-
fold decrease in sensitivity was found in 94% for
abacavir, 86% for amprenavir and 71% for efavirenz.
Fifty-seven percent of NNRTI-experienced patients
had > 10-fold efavirenz resistance. Most isolates had
susceptibility to other PI reduced at least fourfold:
indinavir 81%, nel®navir 86%, ritonavir 84% and
saquinavir 78%. Stepwise multiple regression identi®ed
a correlation between reduced susceptibility to ampre-
navir and the presence of mutations at I84V, which
was enhanced when linked with L10I/V/F/R, and
V32I (P , 0.02) but not V82A/F/T, I54V or L90M.
Reduced susceptibility (> 4-fold) to NRTI was also

Fig 2. Virological outcome according to baseline factors. (a)
Proportion of subjects with plasma HIV RNA , 400 copies/
ml at 16 and 48 weeks according to prior exposure to
NNRTI. The data are from an ITT population (n � 101) with
missing values and discontinuations of all study drugs con-
sidered as failing to achieve HIV RNA , 400 copies/ml;
subjects who added or changed antiretroviral agents as
permitted by the protocol could be included in those
, 400 copies/ml. (b) Proportion of subjects who had plasma
HIV RNA , 400 copies/ml at 16 weeks according to baseline
phenotypic susceptibility (, 4-fold resistance) to 1, 2, or 3
study drugs; P � 0.0042 for the slope of the relationship
between week 16 virological response and baseline drug
sensitivity. Data are from patients (n � 57) in the virology
subpopulation for whom baseline phenotype was available
for all three study drugs.
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common: zidovudine, 87%; lamivudine, 88%; stavu-
dine, 57%; didanosine, 38%. Seventy-six percent (22/
29) of isolates with reduced susceptibility to nevirapine
were resistant (> 10 fold) to efavirenz.

Relationship between genotype and response
Complete genotypic data were available for 73 out of
74 patients in the virology subpopulation. In a uni-
variate analysis, higher baseline HIV RNA, lower
baseline CD4 cell count, and greater number of NRTI
and NNRTI mutations were associated with lack of
virological response (Table 2). Neither the number of
protease mutations nor any speci®c protease mutation
predicted response. After adjusting for all other vari-
ables, the number of NNRTI mutations remained the
only predictor of response. The loss of signi®cance of
baseline HIV RNA is explained by the high correlation
between number of NNRTI mutations and baseline
viral load. Decision tree analysis using combined
NNRTI and NRTI mutations found K103N, Y181C
and T69D to be signi®cant predictors of lack of
virological response (Fig. 3).

Relationship between phenotype and response
Phenotypic data for all study drugs were available for
57 patients from the virology subpopulation. In a
univariate analysis, susceptibility (, 4-fold reduction)
to efavirenz and to abacavir as well as lower baseline
HIV RNA, but not higher CD4 cell count or suscept-
ibility to amprenavir, was associated with virological
response (Table 2). In the multivariate analysis using a
logistic model with P values calculated for each term
after correction for all other terms, only lower HIV
RNA and susceptibility to abacavir predicted response
(Table 2). The loss of signi®cance of susceptibility to
efavirenz (, 4-fold reduction) in the multivariate mod-
el can be explained by the high correlation of this
covariate with other variables. Using a 10-fold cutoff
for susceptibility, HIV RNA and susceptibility to
efavirenz were associated with virological response in
both univariate and multivariate analyses. Abacavir
susceptibility was not signi®cant in this model, but only
three out of 57 isolates had . 10-fold resistance to
abacavir. In a multivariate model using a fourfold cutoff
for abacavir and a 10-fold cutoff for efavirenz, both of

Table 2. Logistic regression models of probability of week 16 HIV RNA , 400 copies/ml.

Univariate
analysis Multivariate analysisb

Baseline factor P (÷2)a Odds ratio (95% CI) P (÷2)a

Genotypic model (n � 73)
HIV-1 RNA (copies/ml) 0.0007 0.71 (0.19±2.38) 0.58
CD4 cell count (3 106/l) 0.0138 1.00 (1.00±1.01) 0.24
Total number of PI-associated mutations 0.466 n.i.
Total number of NRTI-associated mutations 0.0024 0.84 (0.58±1.16) 0.29
Total number of NNRTI-associated mutations 0.0001 0.14 (0.03±0.41) 0.0001

Phenotypic models (n � 57)
Analysis using 4-fold cutoff to de®ne baseline viral susceptibility

HIV-1 RNA (copies/ml) 0.0272 0.23 (0.04±0.92) 0.037
CD4 cell count (3 106/l) 0.0949 n.i.
, 4 FR for efavirenz 0.0167 3.19 (0.77±16.56) 0.11
, 4 FR for abacavir 0.0249 4.99 (1.25±24.33) 0.022
, 4 FR for amprenavir 0.5042 n.i.

Analysis using 10-fold cutoff to de®ne baseline viral susceptibility
HIV-1 RNA (copies/ml) 0.0272 0.26 (0.07±0.84) 0.023
CD4 cell count (3 106/l) 0.0949 n.i.
, 10 FR for efavirenz 0.0051 11.99 (1.97±235.2) 0.004
, 10 FR for abacavir 0.7818 n.i.
, 10 FR for amprenavir 0.9362 n.i.

Analysis using 4-fold cutoff for abacavir and 10-fold cutoff for efavirenz
HIV-1 RNA (log10 copies/ml) 0.0272 0.19 (0.03±0.72) 0.012
CD4 cell count (3 106/l) 0.0949 n.i.
, 4 FR for abacavir 0.0249 5.11 (1.22±26.92) 0.025
, 10 FR for efavirenz 0.0051 9.82 (1.58±192.6) 0.011
, 4 FR for amprenavir 0.5042 n.i.

Analysis using number of drugs to which baseline virus susceptible (, 4 FR)
HIV-1 RNA, copies/mL 0.0272 0.22 (0.04±0.83) 0.024
CD4 cell count (3 106/l) 0.0949 n.i.
Number of active drugs 0.0048 2.81 (1.36±6.65) 0.0042

a P values from likelihood ratio tests based on a logistic model. bMultivariate analysis uses Type 3 logistic
regression models. n.i., Not included in the model; NRTI, nucleoside analog reverse transcriptase inhibitor;
NNRTI, non-nucleoside analog reverse transcriptase inhibitor; PI, protease inhibitor; CI, con®dence interval;
FR, fold resistance of baseline virus to speci®ed drug.

AIDS 2002, Vol 16 No 3392



these variables remained signi®cantly associated with
virological response. In univariate and multivariate
analyses using the number of active drugs to which the
baseline isolate was susceptible at the fourfold cutoff,
lower HIV RNA and greater number of active drugs
but not higher CD4 cell counts were signi®cantly
associated with virological response. When the isolate
was sensitive to none or to one drug, 13% of patients
had week 16 HIV RNA , 400 copies/ml as compared
to 31% and 60% when susceptible to two or three
drugs, respectively (Fig. 2).

Discussion

In this phase II salvage study, an abacavir, amprenavir
and efavirenz regimen resulted in substantial
(, 400 copies/ml) and durable (48 week) decreases in
viral load in 23% of highly antiretroviral-experienced
patients, an outcome consistent with responses in other
salvage studies [1,7±11]. Although most patients ini-
tially had at least a 0.5 log10 decline in viral load, these
early responses were often brief. In contrast, most of
the 25% who had HIV RNA , 400 copies/ml at week
16 maintained this response to week 48. We had
anticipated that many patients would not have optimal
responses despite the use of three drugs to which the
patients had not previously been exposed, and thus we
planned to look at baseline factors that might predict
virological response. We chose to examine factors that
predicted a viral load of , 400 copies/ml at week 16
because we assumed that this response represented a
more clinically relevant outcome than lesser responses
at earlier time-points. In addition, patients were not
permitted to add or change drugs until week 16 except
for substitutions for suspected abacavir intolerance.

Our analysis showed that subgroups of the study

population who were more likely to have an optimal
antiviral response could be predicted by baseline
characteristics. Patients who were NNRTI-naive by
history and those with lower baseline viral loads had a
substantially better outcome than those who were
NNRTI-experienced or who had higher baseline viral
loads; however, in our study population, NNRTI
experience and baseline viral load were highly corre-
lated. Thus, we used multivariate analysis to examine
the independent contribution of phenotypic and geno-
typic resistance to each study drug. For genotype,
variables assessed included number of NNRTI-,
NRTI- and PI-associated mutations and, separately,
individual mutations. For phenotype, susceptibility to
each study drug and, separately, phenotypic suscept-
ibility to one, two or three study drugs were exam-
ined.

In our study, phenotype predicted virological response:
antiretroviral response improved in association with
phenotypic sensitivity to an increasing number of drugs
in the regimen. When susceptibility is de®ned as a
lower than fourfold change compared to wild-type
virus, susceptibility to abacavir was the only predictor
of virological success independent of baseline HIV
RNA. Multivariate statistical analyses on a small data
set can be complicated by interactions between vari-
ables included in the model; in this case, susceptibility
to efavirenz was highly correlated with baseline HIV
RNA. When using , 10-fold change in susceptibility,
a cut-off more appropriate for assessment of efavirenz
resistance [12], susceptibility to efavirenz was a strong
independent predictor of success. In a model that used
less than fourfold change for abacavir and , 10-fold
change for efavirenz, susceptibility to abacavir and to
efavirenz as well as baseline viral load were signi®cantly
associated with virological response. This demonstrates
the effect of breakpoint on the utility of susceptibility
testing; a lack of validated breakpoints is one limitation

K103N absent
24 with HIV RNA ,400 copies/ml (44%)
31 with HIV RNA >400 copies/ml (56%)

Patients (n 5 73)

P 5 0.00064

K103N present
0 with HIV RNA ,400 copies/ml

18 with HIV RNA >400 copies/ml (100%)

P 5 0.0093

T69D absent
21 with HIV RNA ,400 copies/ml (55%)
17 with HIV RNA >400 copies/ml (45%)

T69D present
3 with HIV RNA ,400 copies/ml (18%)

14 with HIV RNA >400 copies/ml (82%)

P 5 0.016

Y181C absent
20 with HIV RNA ,400 copies/ml (65%)
11 with HIV RNA >400 copies/ml (35%)

Y181C present
1 with HIV RNA ,400 copies/ml (14%)
6 with HIV RNA >400 copies/ml (86%)

Fig. 3. Virological response decision tree based on logistic regression approach and ÷2 test for all NNRTI- and NRTI-related
mutations at baseline. Data from patients remaining on all study drugs through week 16 were included. Virological response is
assessed as , 400 copies/ml (responder) or > 400 copies/ml (non-responder). This tree had a misclassi®cation rate of 21% (15/
73).
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of phenotyping. Amprenavir susceptibility was not
associated with virological response although the im-
proved response in those with baseline virus susceptible
to all three drugs suggests that it did contribute to
outcome.

Genotypic analysis showed that the total number of
NNRTI- and NRTI- but not PI-associated mutations
correlated with virological response. In a multivariate
model, the total number of NNRTI-associated muta-
tions remained the only predictor of response. In a
separate analysis, individual mutations associated with
lack of response included K103N and Y181C, both
sites of NNRTI resistance, and T69D, which is not a
speci®c marker for abacavir resistance but is associated
with multiple NRTI-associated mutations and thus
NRTI cross-resistance [4,13]. Sixty-®ve percent (20/
31) of those whose virus lacked all three of the
genotypic predictors (K103N, T69D, and Y181C)
achieved viral loads , 400 copies/ml at week 16. No
single or double combination of key PI mutations
predicted response. These data con®rm the importance
of viral susceptibility to efavirenz and abacavir to
successful outcome. The heterogeneity of baseline
viruses, the complexity of mutational patterns and their
interactions, particularly in the protease region, and the
use of a three-drug regimen probably contributed to
dif®culties in selecting speci®c genotypes predictive of
success [14].

We evaluated retrospectively baseline correlates of
response to a study-speci®ed regimen administered in a
prospective clinical trial. Retrospective analysis has
previously shown genotypic or phenotypic susceptibil-
ity to NRTI and PI to correlate with outcome
[7,11,15±21], and the prospective use of resistance
testing in the design of a salvage regimen has been
shown to improve antiviral response [8,22,23].
Although using resistance testing to design salvage
regimens is recommended [3,4], the utility of resistance
testing and the superiority of genotype or phenotype
testing is probably highly dependent on the treatment
experience of the patient population and on how well
each test re¯ects susceptibility to particular antiretrovir-
al drugs. By multivariate analysis, in addition to baseline
viral load, both genotype and phenotype provided
information predictive of outcome: abacavir pheno-
type, efavirenz phenotype, number of active drugs, and
number of NNRTI mutations.

Because efavirenz, a cytochrome P450 inducer, de-
creases concentrations of amprenavir (a substrate) this
study may have been compromised by the use of the
standard dose of amprenavir. Efavirenz decreases am-
prenavir peak and trough concentrations by 33% and
43%, respectively [24]. Lower plasma concentrations of
PI have been associated with poorer virological re-
sponse [25]. This might explain the lack of strong

statistical association between phenotypic or genotypic
susceptibility to amprenavir and outcome despite the
preservation of in vitro susceptibility to amprenavir in
55% of viruses and the improved virological response
in patients with viruses sensitive to all study drugs.
Concomitant ritonavir or nel®navir has been shown to
abrogate the effect of efavirenz on plasma concentra-
tions of amprenavir [26]. It is reasonable to include one
of these or to increase amprenavir dosing in an
amprenavir±efavirenz regimen.

The adverse events seen in this study, although fre-
quent, were consistent with known side-effects of the
drugs [27±31]. Except for rash as part of possible
abacavir hypersensitivity syndrome, they were rarely
treatment limiting. Although rash occurred in half of
the patients, no rash was assessed as serious. Treatment
can be continued despite non-serious rash in the
absence of systemic symptoms, a strategy that was
successful in 42 of our patients. In our study, 14% of
patients stopped abacavir for possible hypersensitivity
compared to an expected 4% [31,32]. It is unlikely that
amprenavir or efavirenz potentiated abacavir hypersen-
sitivity because studies of abacavir±amprenavir and
abacavir±efavirenz have shown low frequencies of
hypersensitivity [32,33]. The frequency of rash com-
bined with gastrointestinal side-effects from the combi-
nation regimen may have led to over-diagnosis of
abacavir hypersensitivity. There is no de®nitive way to
substantiate this diagnosis, and investigators had to
make individualized clinical decisions. Differences in
the proportion with hypersensitivity at different study
sites suggest differing standards for the diagnosis.

The long-term virological or clinical bene®t of resis-
tance testing as compared to expert care alone in highly
treatment-experienced patients remains to be estab-
lished. This study supports the idea that, in a heavily
pretreated population, resistance assays can provide
useful information about the likelihood of response.
Optimizing drug selection could minimize cost, incon-
venience, toxicity, and drug resistance by avoiding the
use of inactive drugs and of regimens in which only a
single drug is active. Although resistance testing is
expensive, costs might be recouped by avoiding the use
of inactive drugs. Clearly, cross-resistance makes lack of
prior use of a drug an inadequate criterion for inclusion
in a regimen. In complex populations similar to the
one in our study, resistance testing is probably useful
for the selection of a multi-drug salvage regimen.
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