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The therapeutic success of an antiretroviral salvage regimen containing protease inhibitors (PI) is limited
by PI-resistant viral strains exhibiting various degrees of resistance and cross-resistance. To evaluate the
extent of cross-resistance to the new PI amprenavir, 155 samples from 132 human immunodeficiency virus type
1-infected patients were analyzed for viral genotype by direct sequencing of the protease gene. Concomitantly,
drug sensitivity to indinavir, saquinavir, ritonavir, nelfinavir, and amprenavir was analyzed by a recombinant
virus assay. A total of 111 patients had been pretreated with 1-4 PI, but all were naive to amprenavir. A total
of 105 samples (67.7%) were sensitive to amprenavir; 25 samples (16.1%) were intermediately resistant, and
another 25 samples were highly resistant (4- to 8-fold- and >8-fold-reduced sensitivity, respectively). The
mutations 46I/L, 54L/V, 84V, and 90M showed the strongest association with amprenavir resistance (P <
0.0001). The scoring system using 84V and/or any two of a number of mutations (10I/R/V/F, 46I/L, 54L/V, and
90M) predicted amprenavir resistance with a sensitivity of 86.0% and a specificity of 81.0% within the analyzed
group of samples. Of 62 samples with resistance against 4 PI, 23 (37.1%) were still sensitive to amprenavir. In com-
parison, only 2 of 23 samples (8.7%) from nelfinavir-naive patients with resistance against indinavir, saquina-
vir, and ritonavir were still sensitive to nelfinavir. Amprenavir thus appears to be an interesting alternative for
PI salvage therapy.

The introduction of protease inhibitors (PI) into antiretro-
viral therapy leads to a profound and sustained suppression of
viral load, slower disease progression, and prolonged survi-
val in the majority of human immunodeficiency virus type 1
(HIV-1)-infected patients (12, 15). The success of antiretrovi-
ral treatment, however, is impaired by the emergence of drug-
resistant viral strains (23). Due to the high structural similarity
of PI, resistant viruses may exhibit various degrees of cross-
resistance even to a PI to which the patient has not yet been
exposed (2, 3, 4, 7, 8, 19, 25). This makes the management of
second- or third-line therapies difficult.

Recently, the new PI amprenavir has been approved for anti-
retroviral treatment in several countries. Amprenavir proved
to be highly potent in antiretroviral combination therapies,
had good bioavailability, and was well tolerated, with the
most frequent adverse events being nausea, mild gastrointes-
tinal symptoms, perioral paresthesia, and rash (1, 6, 10, 13, 20,
22; A. Fetter, P. Nacci, J. Yeo, J. May, I. Vafidis, P. Tymkew-
ycz, and L. Pedneault, 7th Eur. Conf. Clin. Aspects Treatment
HIV Infect., abstr. 813, 1999). Furthermore, in vitro data sug-
gest a unique resistance profile, with the mutation 50V devel-
oping as an initial active-site mutation (14). Clinical data, how-
ever, indicate a different resistance profile with mutations at
positions 54, 82, 84, and 90, which are usually associated with
broad cross-resistance (18, 21; R. Elston, R. Myers, S. Randall,
B. Sadler, M. Tisdale, and W. Snowden, 7th Conf. Retrovir.
Opportunistic Infect., abstr. 727, 2000). Although cross-resis-
tance was lower for amprenavir than for the other PI in clinical

samples (18; V. Calvez, C. Tamalet, J. M. Molina, C. Katlama,
J. P. Mamet, Z. Antoun, A. Goetschel, and M. Ait-Khaled,
Abstr. 39th Intersci. Conf. Antimicrob. Agents Chemother.,
abstr. 442, 1999), these changes may result in the failure of the
salvage therapy.

To characterize the cross-resistance profile of amprenavir,
155 samples from 132 HIV-1-infected patients were retrospec-
tively analyzed for drug sensitivity against amprenavir. These
samples were from patients being treated at 14 clinical centers
specializing in the care of HIV-1-infected patients from Janu-
ary 1998 until June 1999 and had been sent for resistance
testing because of treatment failure. Samples from patients
with treatment interruptions were excluded. All samples had
previously been characterized for viral genotype and pheno-
type, including indinavir, saquinavir, ritonavir, and nelfinavir
resistance. Of 127 samples with detailed treatment histories, 16
(12.6%) were from PI-naive patients, and 111 (87.4%) were
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TABLE 1. Cross-resistance to amprenavir in samples resistant to
none, one, two, three, or four of the previously approved PI

(n 5 155)

No. of PI with .3-fold-
reduced sensitivity (no.

of samples)

No. of samples (%) with the following fold
reduction in sensitivity to amprenavir:

1–3 4–8 .8

None (58) 57 (98.3) 1 (1.7)a 0
1 (17) 15 (88.2) 1 (5.9) 1 (5.9)
2 (5) 4 (80.0) 1 (20.0) 0
3 (13) 6 (46.2) 6 (46.2) 1 (7.7)
4 (62) 23 (37.1) 16 (25.8) 23 (37.1)
Total (155) 105 (67.7) 25 (16.1) 25 (16.1)

a This sample, which contained the mutations 10I and 71V, exhibited fivefold-
reduced sensitivity against amprenavir.
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from patients pretreated with one (n 5 24), two (n 5 35), three
(n 5 35), or four (n 5 17) PI, respectively. Indinavir, saquina-
vir, ritonavir, and nelfinavir had previously been used in 65, 84,
55, and 64 patients, respectively, but all patients were naive for
amprenavir.

Genotyping of the original plasma samples was performed
by direct sequencing of the protease gene using the primers
H2720a (59-TATTGTATGGATTTTCAGGCC-39) and H2254s
(59-TCAGGTCACTTTTGCAAC-39). The sequences were an-
alyzed for the mutations described by Schinazi et al. (21). If
both wild-type and mutant forms were present at a position
described for PI resistance, the mutation was counted. The
detection limit for mixed populations was about 30%. For
phenotyping, a recombinant virus assay was performed as pre-
viously described (11, 24). For statistical evaluation, the chi-
square test and Fisher’s exact test were used, as appropriate.

The 50% inhibitory concentration (IC50) of amprenavir for

the nonresistant reference virus NL4-3 was determined to be
0.021 6 0.007 mM in 14 independent assays, a finding which is
similar to previously published data (22). The coefficient of
variation of 0.36 was similar to those measured for other PI
(24). A total of 105 samples (67.7%) were sensitive to am-
prenavir (1- to 3-fold-reduced sensitivity); 25 samples (16.1%)
were intermediately resistant (4- to 8-fold-reduced sensitivity),
and another 25 samples were highly resistant (.8-fold-reduced
sensitivity; range, 9- to 66-fold). The extent of cross-resistance
between amprenavir and previously approved PI is shown in
Table 1. Only 1 of 58 samples which were sensitive to the other
PI showed intermediate resistance against amprenavir. A total
of 25 of 35 samples with resistance against 1-3 PI (71.4%) and
23 of 62 samples with resistance against 4 PI (37.1%) were still
sensitive to amprenavir. For comparison, a similar analysis was
performed for the nelfinavir-naive patients in this study (n 5
63). The percentage of nelfinavir-sensitive samples with resis-

FIG. 1. (A) Percentage of amprenavir sensitive, intermediately resistant, or highly resistant isolates with respect to the number of PI in the treatment history
(indinavir, saquinavir, ritonavir, and nelfinavir). (B) Percentage of amprenavir sensitive, intermediately resistant, or highly resistant isolates with respect to individual
PI in the treatment history.
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tance against indinavir, saquinavir, and ritonavir (2 of 23,
8.7%) was significantly lower than the percentage of amprena-
vir-sensitive samples with resistance against all other PI (P 5
0.01, chi-square test).

The number of PI in the pretreatment was also significantly
correlated with amprenavir resistance (chi-square test for
trend, 13.97 [P 5 0.007]; Fig. 1A). With respect to individual
PI in the treatment history, samples from patients with indi-
navir or ritonavir pretreatment were more likely to be resistant
against amprenavir than samples from patients with previous
nelfinavir therapy (Fig. 1B).

To determine the genotypes relevant for cross-resistance,
the frequency of individual mutations in amprenavir-sensitive
samples was compared to their frequency in both intermedi-
ately and highly resistant isolates. The mutations 10I/R/V/F
and 46I/L, 54L/V, 84V, 90M were found to be significantly
associated with reduced sensitivity to amprenavir (P , 0.001
and P , 0.0001, respectively [chi-square test]), whereas 20R/
M, 24I, 30N, 32I, 33F, 36I, 48V, 63P, 71V/T, 73S, 77I, and
82A/F/T/S had P values of .0.003 and thus did not achieve
significance at the 95% level after adjustment for multiple
comparisons (n 5 17). Of 16 samples with 84V, 14 were highly
resistant to amprenavir; the remaining two samples exhibited
five- and eight-fold-reduced sensitivity. More will undoubtedly
be learned from the isolates of patients treated with amprena-
vir.

Two scoring systems describing genotypes associated with
amprenavir resistance were established. 84V and/or any two of
a number of mutations (10I/R/V/F, 46I/L, 54L/V, and 90M)
predicted amprenavir drug resistance (intermediate or high
level) with a sensitivity of 86% (i.e., the percentage of pheno-
typically resistant viruses that were also scored as genotypical-
ly resistant) and a specificity of 81% (i.e., the percentage of
phenotypically sensitive viruses that were also scored as geno-
typically sensitive). 84V and/or any two of several mutations
(46I/L, 54L/V, and 90M) predicted high-level amprenavir re-
sistance with a sensitivity of 88.0% and a specificity of 79.2%.

This study revealed a relatively low prevalence of cross-
resistance to amprenavir in samples from patients pretreated
with other PI (18; Calvez et al., 39th ICAAC). The extent of
cross-resistance was significantly lower for amprenavir than for
nelfinavir, which was introduced as a fourth PI, even though
the resistance against three PI (nelfinavir) was compared with
the resistance against four PI (amprenavir).

It has been controversially discussed how resistance against
new antiretroviral drugs can be predicted reliably. Since resis-
tance mutations selected in vitro for a particular compound
may be different from those developing in vivo, the activity of
new antiretroviral compounds should be assessed against cur-
rently circulating highly resistant clinical strains (16). This
study was performed according to this recommendation. Since
the predictive value of phenotypic resistance testing was re-
cently demonstrated in three retrospective studies (5, 9, 17),
our data on the cross-resistance profile of amprenavir should
reliably reflect the in vivo situation. However, it is still unclear
which level of resistance will ultimately be predictive for ther-
apy failure. Recent clinical studies suggest an increased risk of
therapy failure if PI resistance above interassay variability was
observed at baseline (5, 9). Nevertheless, it may be possible
that patients with low-level amprenavir resistance still profit
from a combination of two PI with synergistic effects. There-
fore, the data of this study were analyzed both for low- and
high-level amprenavir resistance.

Two prospective clinical studies recently showed that salvage
regimens with amprenavir were less successful in PI-treated
than in PI-naive children (S. Blanche, A. Fetter, H. Cox, J.

Yeo, S. Randall, and W. Snowden, 7th Conf. Retrovir. Oppor-
tunistic Infect., abstr. 695, 2000; J. Church, M. Rathore, T.
Rubio, P. Flynn, J. Ramos, L. Rosado, L. Kahl, J. Yeo, A.
Fetter, S. Hetherington, D. Brown, T. Kelley, and N. Mustafa,
7th Conf. Retrovir. Opportunistic Infect., abstr. 693, 2000).
However, in both studies, baseline characteristics for PI-
treated children indicated more advanced disease and more
extensive prior antiretroviral therapy. Therefore, multi-
resistant viral strains may have already been present. If only
one or two drugs of a rescue regimen are still active, the virus
will soon acquire resistance against these drugs as well. Fur-
thermore, it also has to be considered that viruses which are
still sensitive in the phenotypic assay will develop clinical re-
sistance against amprenavir more rapidly if various resistance-
related mutations are already present in the protease gene.

Genotypic assays will soon be available on a routine basis.
However, no consensus algorithm is available for the interpre-
tation of genotypic data. Therefore, two scoring systems were
developed to predict low- and high-level cross-resistance to
amprenavir. These may only be applied to samples before
amprenavir treatment, since all samples were from amprena-
vir-naive patients. Even though these scoring systems have
sensitivities and specificities of .80%, about one-third of all
samples may be classified as either falsely resistant or falsely
sensitive to amprenavir.

Phenotypic tests are time-consuming and labor-intensive
and are thus restricted to specialized research laboratories.
Despite these limitations, phenotypic assays appear to be the
most reliable method to evaluate the cross-resistance profile of
a new antiretroviral compound before the drug is broadly used
in clinical practice.
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