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The objective of this study was to characterize the mutations selected by darunavir (DRV) use in protease
inhibitor (PI)-experienced patients and the associated factors. We analyzed treatment failure in 54 PI-
experienced human immunodeficiency virus (HIV)-infected patients on a DRV- and ritonavir-containing
regimen. Viral genotyping was carried out at the baseline, at between 1 and 3 months of treatment, and at
between 3 and 6 months of treatment to search for the selection of mutations conferring resistance to PIs. The
median baseline HIV RNA level was 4.9 log,, copies/ml, and the median CD4 count was 87 cells/mm>. At the
baseline, the median numbers of resistance mutations were as follows: 3 DRV resistance mutations, 4 major
PI resistance mutations, and 10 minor PI resistance mutations. The most common mutations that emerged at
rebound included V32I (44%), I154M/L (24%), L33F (25%), 184V (21%), and L89V (12%). Multivariate analysis
showed that higher baseline HIV RNA levels and smaller numbers of nucleoside reverse transcriptase inhibitor
simultaneously used with DRV were associated with a higher risk of DRV resistance mutation selection. By
contrast, L76V, a known DRY resistance mutation, was found to decrease the risk of selection of another DRV
resistance mutation. The occurrence of virological failure while a patient was on DRV was associated with the
selection of mutations that increased the level of DRV resistance without affecting susceptibility to tipranavir
(TPV). In these Pl-treated patients who displayed treatment failure while they were on a DRV-containing
regimen, we confirmed the set of emerging mutations associated with DRV failure and identified the factors
associated with the selection of these mutations. TPV susceptibility does not seem to be affected by the selection

of a DRYV resistance mutation.

Virological rebound during antiretroviral treatment is often
associated with the emergence of drug resistance, compromis-
ing both current and future therapy. The resistance of human
immunodeficiency virus (HIV) to protease inhibitors (PIs)
generally involves the accumulation of primary and secondary
mutations within and outside of the active site of the retroviral
protease, sometimes accompanied by mutations in one or more
gag cleavage sites (3, 11, 19, 25). The patterns of mutation
selected by most of the PIs currently available have been char-
acterized (3, 12, 19, 25, 29). In general, individual viral muta-
tions generate only modest changes in phenotypic susceptibil-
ity to PIs. However, more than 20% of the 99 amino acids
comprising the HIV protease homodimer have been shown to
mutate under the selection pressure exerted by drugs (10, 24).
Patients with Pl-resistant HIV therefore often have viruses
with highly complex genotypic patterns. Different PIs may se-
lect different primary mutations, but the secondary mutations
observed tend to be common to the entire PI class, potentially
limiting the success of subsequent PI treatment following the
failure of any PI-containing regimen (3, 12, 19, 25, 29).

* Corresponding author. Mailing address: Department of Virology,
Pitié-Salpétriere Hospital, 83 Boulevard de I’'Hopital, Paris 75013,
France. Phone: 33142177409. Fax: 33142177411. E-mail: sidonie
Jambert@psl.aphp.fr.

¥ Published ahead of print on 26 November 2007.

491

The HIV type 1 (HIV-1) protease is essential for the correct
processing of viral precursor proteins and the maturation of
infectious virus and is therefore an important target for anti-
retroviral therapy (17). The inclusion of drugs that inhibit this
protease in highly active antiretroviral therapy for patients with
HIV infection has been shown to result in sustained virological
suppression and to decrease the morbidity and mortality asso-
ciated with HIV disease considerably (8, 27, 32). More effec-
tive antiretroviral therapies are urgently required for patients
with HIV-1 infection who have already received other treat-
ments, as the extensive drug resistance observed in these pa-
tients tends to restrict their treatment options, making it ex-
tremely difficult to manage the infection. New compounds
need to be highly selective and potent to limit both the toxicity
and the number of pills taken by patients, thereby encouraging
patient compliance.

Darunavir (TMC114), a new PI with a strong binding affinity
for the HIV-1 protease, is highly potent in vitro against wild-
type and multidrug-resistant HIV-1 strains (6). It has been
suggested that HIV-1 is unlikely to develop significant resis-
tance in patients treated with DRV, particularly if these pa-
tients have not previously been treated with other PIs (Y. Koh,
T. Towata, A. K. Ghosh, and H. Mitsuya, presented at the 14th
Conference on Retroviruses and Opportunistic Infections,
poster 606). The POWER (Performance of TMC114/r When
Evaluated in Treatment-Experienced Patients with PI Resis-
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TABLE 1. Characteristics of patients”
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TABLE 3. Concurrent treatment

Characteristic Value

Sex (no. [%] male/female) ... 48 (89)/6 (11)

No. (%) of patients infected..........cocovrvivervivinirricincnicnnee 47 (87)
with subtype B

Median (range) no. of plasma
HIV-1 RNA log,, copies/ml
D07 oot 4.9 (2.8-6)
................. 4.2 (1.5-5.9)
................. 4.4 (1.6-5.9)

Median (range) CD4 cell
count/mm?®

87 (0-812)
161 (2-943)
125 (1-845)

“ Data are for a total of 54 patients.
® D0, day of initiation of a DRV-RTV-containing regimen.
€M1, M3, and M6, months of a DRV-RTV-containing regimen.

tance) 1 and 2 studies (TMC114-C213 and TMC114-C202,
respectively) are randomized, multinational, phase IIB trials
comparing the efficacy and safety of DRV administered in
combination with low-dose ritonavir (RTV) (DRV-RTV) with
those of currently available PIs in treatment-experienced HIV-
1-infected patients. In both studies, the twice-daily administra-
tion of 600/100 mg of DRV-RTYV, respectively, was the most
effective, with 53% of the patients in the POWER 1 study and
39% of those in the POWER 2 study showing decreases in viral
loads to less than 50 copies per ml, whereas only 18% and 7%
of the patients receiving control PIs in the two studies, respec-
tively, showed such decreases in viral loads (9, 14). This dose
has recently been approved for use in the United States (Ti-
botec, October 2006) and several other countries for the treat-
ment of HIV infection in antiretroviral treatment-experienced
adult patients, including those with HIV-1 strains resistant to
more than one PI. We investigated the basis of the diminished
virological and immunological responses to darunavir by char-
acterizing the mutations selected by this drug and the factors
associated with the selection of these mutations.

(This study was presented at the 11th European AIDS Con-
ference, Madrid, Spain, 24 to 27 October 2007.)

MATERIALS AND METHODS

Patients and antiretroviral regimens. We retrospectively selected 54 PI-expe-
rienced patients displaying treatment failure while they were on a DRV-contain-

TABLE 2. Prior treatment

No. (%) of patients
with prior use

“ ATV, atazanavir; IDV, indinavir; SQV, saquinavir; NFV, nelfinavir; LPV,
lopinavir; APV, amprenavir; TPV, tipranavir.

No. (%) of patients
with concurrent
use with DRV

Antiretroviral drug
class and drug”

NRTIs
AZT 26 (48)
3TC 50 (93)
ddI 11 (20)
44T 2(4)
TDF 35 (65)
ABC oo 39(72)
FTC 4(7)

NNRTIs
NVP 0(0)
EFV 0 (0)
TMCI125 8 (15)

T20 (FI) 37 (69)

“ AZT, zidovudine; 3TC, lamivudine; ddI, didanosine; d4T, stavudine; TDF,
tenofovir; ABC, abacavir; FTC, emtricitabine; NVP, nevirapine; EFV, efavirenz;
TMC125, etravirine; T20, enfuvirtide; FI, fusion inhibitor.

ing regimen. All were treated with nucleoside reverse transcriptase inhibitors
(NRTIs) and RTV (100 mg twice a day) plus DRV (600 mg twice a day). The
main characteristics of the study population are reported in Tables 1 to 4.

HIV-1 RNA quantification. Plasma HIV-1 RNA levels were determined at the
baseline, at between 1 and 3 months of treatment (M1-M3), and at between 3
and 6 months of treatment (M3-M6) by using the Amplicor Monitor assay
(Cobas 1.5; Roche Diagnostics, Basel, Switzerland), which has a detection limit
of 200 copies/ml.

Genotypic resistance testing. Plasma samples for viral genotyping were col-
lected at the baseline, M1-M3, and M3-M6. The reverse transcriptase and pro-
tease gene sequences were determined by population sequencing, according to
the Agence Nationale de Recherches sur le SIDA (ANRS; the French National
Agency for AIDS Research) consensus method, with an ABI 3100 Genetic
Analyzer (PE Applied Biosystems). The sequences were analyzed with Sequence
Navigator software (PE Applied Biosystems), and the differences in the amino
acid sequences with respect to the sequence of wild-type virus strain HXB2 were
noted. Resistance was defined according to the current ANRS algorithm (http:
/fwww_.hivfrenchresistance.org/tab2006.html).

Determination of plasma DRV concentration. Blood samples were collected
and placed into heparin-coated tubes at steady state, which was at M3-M6.
Plasma samples (500 wl) were prepared and treated by a solid-phase extraction
method (C g cartridge; 3 ml; J. T. Baker). The DRV concentration was then
determined by reverse-phase high-performance liquid chromatography (Ultra-
sphere octyldecyl silane column, 4.6 by 250 mm, Beckman Coulter) coupled with
spectrofluorimetric detection (A excitation, 245 nm; N emission; 340 nm). This
method was validated within a concentration range of from 5 to 1,000 ng/ml and
has a quantification limit of 5 ng/ml. The between-assay bias was less than 7.7%
for all quality controls (25, 200, 400, and 800 ng/ml).

Statistical methods. Descriptive statistics were used to summarize the char-
acteristics of the patients. McNemar’s test was used to compare the changes in
the resistance profiles between the baseline and the time of viral rebound.
Logistic regression analysis was used to search for factors predictive of the
occurrence of one or more DRV resistance mutations.

TABLE 4. Number of patients using one to four NRTIs
concurrently with DRV

No. of NRTIs
used concurrently le\IO.at(i(Z;l)tq
with DRV ptient
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FIG. 1. Changes in PI resistance profiles between the baseline and rebound in patients treated with a regimen containing DRV. IDV, indinavir;
SQV, saquinavir; NFV, nelfinavir; APV, amprenavir; LPV, lopinavir; ATV, atazanavir; TPV, tipranavir.

RESULTS

We studied 54 patients displaying either the incomplete sup-
pression of plasma RNA or a rebound from maximal suppression
to characterize the mutations selected by DRV (Tables 1 to 4).
The changes in the median numbers of DRV resistance muta-
tions and the major and minor PI resistance mutations between
the baseline and later periods (M1-M3 and M3-M6) were investi-
gated as recommended by the International AIDS Society—USA
guidelines (13). The median number of DRV resistance muta-
tions (V111, V32I, L33F, 147V, 150V, 154L/M, G73S, L76V, 184V,
L89V) was found to have increased by one from the number at
the baseline (from three to four). The median number of major
PI resistance mutations was found to have increased by one from
the number at the baseline (from four to five). The median num-
ber of minor PI resistance mutations increased by 0.5 at M3-M6
(from 10 to 10.5).

The change in the PI resistance profile between the baseline
and the last observed period of rebound is displayed in Fig. 1.
According to the ANRS algorithm, our population presented
resistance (more than 80%) to indinavir (IDV), nelfinavir
(NFV), amprenavir (APV), atazanavir (ATV), and saquinavir
(SQV) without any significant possible increase. Lower levels
of resistance to lopinavir (LPV) and tipranavir (TPV) were
observed at the baseline, at 41% for LPV and 11% for TPV,
with a slight increase observed at rebound. Finally, DRV re-
sistance levels were about 35% at the baseline and increased to
64% at M3-M6 (P = 0.0002, McNemar’s test).

We carried out a genotypic analysis of the HIV strains se-
lected by DRV-RTV in vivo and in Pl-experienced patients.
The genotypic changes between the baseline and the latest
available rebound isolates from the subjects demonstrating
changes in PI and DRYV resistance are shown in Fig. 2. At the
baseline the most common major mutations associated with PI
resistance were at positions M46I/L (46 subjects), 184V (35
subjects), L90M (35 subjects), L33F (30 subjects), I5S4M/L (20
subjects), and V82A/F/T/S/L (27 subjects). The L33F and 184V

mutations are also associated with DRV resistance, and the
154M/L mutation is a major mutation associated exclusively
with DRYV resistance. The median number of major PI muta-
tions after rebound was five (range, four to six). The most
common mutations to emerge at rebound included V32I (in 18
of 41 subjects, corresponding to 44% of the patients without
V32I at the baseline), L33F (6 of 24 subjects, corresponding to
25% at the baseline), I54M/L (8 of 34 subjects, corresponding
to 24% at the baseline), I84V (4 of 19 subjects, corresponding
to 21% at the baseline), and L89V (5 of 42 subjects, corre-
sponding to 12% at the baseline). However, it should be borne
in mind that the high prevalence of some of these mutations at
the baseline would have made their emergence during treat-
ment less likely. For example, V32I was present in 13 (24%)
patients at the baseline, whereas 184V was already present in
35 (65%) patients. A number of other PI or DRV resistance
mutations, including V11I, M46I/L, 147V/A, 150V, G73S,
L76V, V82A/F/T/S/L, and L90M, also emerged in one to four
subjects at rebound. From the baseline to the latest period of
viral rebound assessed, 21 patients displayed no new DRV
mutations, whereas 18, 8, 6, and 1 patients experienced the
occurrence of one, two, three, and four new DRV resistance
mutations, respectively (Fig. 3).

A series of univariate logistic regression models was gener-
ated for the identification of factors associated with the selec-
tion of at least one DRV resistance mutation (Table 5). Higher
baseline HIV RNA levels, the presence of the 184V mutation,
and the prior use of atazanavir were significantly associated
with a higher risk of occurrence of at least one DRV resistance
mutation. Conversely, a larger number of NRTI simulta-
neously used with DRV and the mutation at position I54M/L
or L76V protected against the selection of at least one DRV
resistance mutation. On the basis of multivariate analysis (Ta-
ble 5), the following independent risk factors for the occur-
rence of at least one DRV mutation were retained: higher
baseline HIV RNA levels, a small number of NRTI simulta-
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FIG. 2. Mutations present at the baseline or rebound isolates from 54 patients in which resistance to DRV was selected. Gray bars, mutations
at the given amino acid positions are present in the baseline samples; black bars, mutations emerging during DRV-RTV therapy; DRV, DRV

resistance mutations.

neously used with DRV and the presence of the wild-type
codon at position 76.

DISCUSSION

DRV is a new PI effective against viruses carrying amino
acid substitutions which confer resistance to the earlier PIs. In
vitro data have shown DRV to be extremely active against both
wild-type HIV strains (50% effective concentration, 1 to 5 nM)
and variant forms of HIV highly cross-resistant to the PIs in
current use. Moreover, in vitro selection experiments, starting
from wild-type HIV-1, have shown that there is a strong ge-
netic barrier to the development of DRV resistance (6, 7).
However, HIV-1 can develop high levels of resistance to DRV
in the presence of superinfections with HIV-1 variants resis-
tant to multiple PIs, and homologous recombination may sub-

e 9 9 o

Number of Patients
(3]

o
Iy

0 1 2 3 4
New DRV mutations

FIG. 3. Number of patients in whom new DRV resistance muta-
tions were detected during the last period of viral rebound assessed.

sequently occur (Y. Koh, T. Towata, A. K. Ghosh, and H.
Mitsuya, presented at the 14th Conference on Retroviruses
and Opportunistic Infections, poster 606). This potent activity
against Pl-resistant HIV indicates that this new antiretroviral
molecule may be particularly useful for the treatment of pa-
tients who experience treatment failure with other PI-contain-
ing regimens. In the POWER randomized clinical studies,
DRV-RTV (600/100 mg twice a day) plus an optimized back-
ground regimen was more effective than regimens containing
control PIs at 24 weeks (9, 14). Furthermore, these responses
were sustained, lasting at least until week 48 (2), with satisfac-
tory safety and tolerability in treatment-experienced patients.
However, in cases of treatment failure in PI-experienced pa-
tients, this drug was shown to induce PI resistance mutations.
The specific baseline PI resistance mutations associated with a
poor response to DRV-RTV (600/100 mg) were V111, V32I,
L33F, 147V, 150V, I54L/M, G73S, L76V, 184V, and L89V. The
V321, L33F, 147V, 154L/M, and L89V mutations have been
shown to be associated with lower levels of susceptibility to
DRYV and are selected in 10% of patients displaying treatment
failure with this drug (7). These mutations selected by DRV
were also found to have an impact on the virological response
when they were present at the baseline. Our study confirmed
these results for all mutations except 147V, which was present
at the baseline but which was not significantly more prevalent
at rebound. These results are based on genotyping and would
therefore be confirmed in phenotypic tests.

We found that the presence of a valine residue at position 76
was associated with the emergence of a smaller number of
DRV resistance mutations. The L76V mutation is selected by



VoL. 52, 2008

TABLE 5. Logistic models

Type of analysis and variable® P value (r):tif
Univariate analysis
Baseline HIV RNA level 0.034 2.9
Baseline CD4 count 0.55 1.12
Sex (female vs male) 0.26 3.57
Subtype B vs non-subtype B 0.82 1.21
Minimum DRV concn? 0.2 0.986
No. of major resistance mutations at 0.21 0.797
baseline”
No. of DRV resistance mutations at baseline” 0.63 0.914
No. of associated NRTIs” 0.06 0.441
TMCI125 0.13 5.39
T-20 0.82 1.15
Presence of mutations at baseline
Mutation V111° 0.94 0.944
Mutation V32I 0.49 1.59
Mutation L33F 0.71 1.23
Mutation 147V/A? 0.28 0.52
Mutation 150V® 0.16 0.188
Mutation 154M/L? 0.017 0.24
Mutation G73S 0.13 3
Mutation L76V? 0.007 0.05
Mutation 184V 0.039 3.44
Mutation L899V 0.27 2.25
Mutation M46I/L 0.49 1.71
Mutation V82A/F/T/S/L 0.53 1.42
Mutation LOOM® 0.42 0.61
Prior use of PIs
LPV?® 0.18 0.412
SQV 0.43 1.75
IDV 0.71 1.32
APV 0.1 0.28
NFV? 0.5 0.679
ATV 0.08 5.39
TPV 0.65 1.3
No. of PIs used previously” 0.75 0.947
Multivariate analysis
Baseline HIV RNA level 0.008 5.59
Mutation L76V? 0.005  0.024
No. of associated NRTIs” 0.03 0.26

“ TMCI125, etravirine; T20, enfuvirtide; LPV, lopinavir; SQV, saquinavir; IDV,
indinavir; APV, amprenavir; NFV, nelfinavir; ATV, atazanavir; TPV, tipranavir.

? Factors associated with a decrease in the risk of DRV resistance mutation
selection.

IDV and LPV, together with other major mutations, mainly,
M461, 154V, V82F, I84A, and L90OM with IDV (1, 15, 21, 23,
28, 30, 31) and M46l, 154V, V82F, 184A, LOOM, 150V, and
N88G with LPV (1, 15, 21-23, 30). However, the L76V muta-
tion itself seems to have an important impact on resistance, at
least for LPV. Patients with treatment failure on an LPV-based
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regimen displayed the selection of only the L76V mutation
since the baseline (4, 26). The association between L76V at the
baseline and a lower risk of accumulating DRV resistance
mutations may be accounted for by the strong impact of this
mutation on DRV resistance, implying that the selection of
other mutations is not required for the failure of DRV-con-
taining regimens.

Some of the mutations selected by DRV, including V32I,
147V, 150V, I54L/M, G73S, and 184V, are also selected by
APV. This finding is consistent with the similarities of the
chemical structures of the two drugs (16). Another study sug-
gested that APV-specific resistance profiles, such as those with
IS0V alone or those with V32IR and 147V, might affect the
efficacy of DRV, at least in patients with a suboptimal mini-
mum concentration of DRV (5). In the POWER studies, the
previous use of APV had no effect on the virological response
to DRV-RTV (18). It is thus difficult to determine whether
prior APV treatment could lead to DRV treatment failure.
Only a very small number of patients have been treated with
APV alone, and these patients are probably at risk of devel-
oping DRV and APV resistance mutations. These findings
cannot be extrapolated to patients receiving APV after several
lines of PI treatment. Previous studies have shown that the use
of APV in such patients leads to the selection of other PI
resistance mutation patterns that are different from those as-
sociated with cross-resistance to DRV (20).

One of the major findings of this study is the lack of an effect
of the selection of PI resistance mutations due to DRV failure
on susceptibility to TPV. This suggests that TPV may remain
active after DRV use, in most cases. This finding has poten-
tially important implications for the strategic use of PIs. Fur-
thermore, the prior use of TPV seems to have no effect on in
vitro and in vivo susceptibilities to DRV (18).
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