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To identify factors associated with virological response (VR) to an etravirine (ETR)-based regimen, 243
patients previously treated with nonnucleoside reverse transcriptase inhibitors (NNRTIs) were studied. The
impact of baseline HIV-1 RNA, CD4 cell count, past NNRTIs used, 57 NNRTI resistance mutations, genotypic
sensitivity score (GSS) for nucleoside reverse transcriptase inhibitors (NRTIs) and protease inhibitors (PIs),
and the number of new drugs used with ETR for the first time on the VR to an ETR regimen were investigated.
Among the 243 patients, the median baseline HIV-1 RNA level was 4.4 log,, copies/ml (interquartile range
[IQR], 3.7 to 4.9) and the median CD4 count was 175 cells/mm> (IQR, 69 to 312). Patients had been previously
exposed to a median of 6 NRTIs, 1, NNRTI, and 5 PIs. Overall, 82% of patients achieved a VR at month 2, as
defined by a decrease of at least 1.5 log,, copies/ml and/or HIV-1 RNA level of <50 copies/ml. No difference in
VR was observed between patients receiving or not a boosted PI in combination with ETR. Factors indepen-
dently associated with a better VR to ETR were the number of drugs (among enfuvirtide, darunavir, or
raltegravir) used for the first time in combination with ETR and the presence of the K103N mutation at
baseline. Mutations Y181V and E138A were independently associated with poor VR, whereas no effect of the
Y181C on VR was observed. In conclusion, ETR was associated with high response rates in NNRTI-experienced
patients in combination with other active drugs regardless of the therapeutic class used.

Nonnucleoside reverse transcriptase inhibitors (NNRTIs)
are frequently used components of combination antiretroviral
therapy. However, drug resistance remains the primary cause
of treatment failure and a single-amino-acid substitution in
HIV-1 reverse transcriptase can confer cross-resistance to nar-
row-spectrum NNRTIs, restricting their use in treatment-ex-

* Corresponding author. Mailing address: Department of Virology,
Pitié-Salpétricre Hospital, 83 Boulevard de 'Hopital, 75013 Paris, France.
Phone: 33142177401. Fax: 33142177411. E-mail: anne-genevieve.marcelin
(@psl.aphp fr.

" Published ahead of print on 9 November 2009.

72

perienced patients. Etravirine (ETR), or TMC125, is an ex-
panded-spectrum NNRTI with a potent and broad in vitro
activity against HIV-1, including virus with NNRTI resistance-
associated mutations (1), and recently has been approved for
clinical use in experienced patients. The molecular structure of
ETR allows it to accommodate mutational changes in the
binding pocket of the reverse transcriptase (RT) enzyme, even
in the presence of significant mutations (25). Its efficacy and
safety in treatment-experienced, NNRTI-resistant patients
have been demonstrated in phase IIb and III trials (10, 13, 17).
In the phase IIb C223 study, ETR treatment led to a signifi-
cantly greater reduction in plasma viral load than control treat-
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ment at 24 weeks (17). In the large-phase III DUET-1 and —2
trials, ETR combined with other antiretroviral drugs signifi-
cantly improved virological suppression at 24 weeks relative to
placebo (10, 13). Resistance analyses from the DUET trials
have first identified 13 mutations at 7 positions (V90I, A98G,
L1001, K101E/P, V106I, V179D/F, Y181C/I/V, and G190A/S)
associated with decreased virological responses (VR) to ETR,;
the concurrent presence of 3 or more of these were required to
substantially reduce virological efficacy. Later, 4 mutations
were added to this list of mutations (K101H, V179T, E138A,
and M230L), resulting in a list of 17 ETR resistance-associated
mutations (RAMs). Recently, a weighted score has been pro-
posed comprising these 17 ETR RAMs based upon impact on
response (weight factor), with some mutations having a weight
of 3.0 (Y1811/V), 2.5 (L1001, K101P, Y181C, and M230L), 1.5
(V106I, V179F, E138A, and G190S), or 1.0 (V90I, A98G,
K101E/H, V179D/T, and G190A) (28). The three resulting
categories were defined on the basis of weighted mutation
scores of 0 to 2, 2.5 to 3.5, and =4, leading to response rates of
74% (highest response), 52% (intermediate response), and
38% (reduced response), respectively, in the DUET trials.
Beyond these resistance analyses in clinical trials, there are few
data on the clinical and virological factors associated with ETR
VR in clinical practice.

The aim of this study was to identify factors associated with
virological response (VR) to ETR-containing regimens in
NNRTI-experienced patients.

(This work was presented at the 16th Conference on Retro-
viruses and Opportunistic Infections, Montreal, Quebec, Can-
ada, February 2009 [13a].)

MATERIALS AND METHODS

Patients and antiretroviral regimens. Two hundred forty-three patients who
experienced virological failure to an NNRTI were recruited to the study. All
patients were treated with ETR (200 mg twice a day [b.i.d.]) with a background
regimen comprising nucleoside reverse transcriptase inhibitors (NRTIs), pro-
tease inhibitor (PI), enfuvirtide (ENF), and/or raltegravir (RAL). Sociodemo-
graphic data, clinical data, and treatment histories were collected for all patients
recruited. Inclusion criteria and all data were checked by the study monitor.
Participating laboratories belong to the Agence Nationale de Recherches sur le
SIDA (ANRS) ACI11 network and participate in the ANRS quality control
assessment of HIV-1 drug resistance sequencing (6).

Genotypic resistance testing. The sequences of the protease and reverse trans-
criptase (RT) genes were determined at baseline in each laboratory using the
ANRS consensus technique (http://www.hivfrenchresistance.org/), the Bayer
TrueGene kit, the Abbott ViroSeq kit, or an in-house method. All protease and
RT gene mutations were identified from the International AIDS Society—USA
resistance testing panel (December 2008) (8).

Phylogenetic analyses. Genetic subtypes were determined by phylogenetic tree
analysis. The RT and protease sequences were aligned with sequences from
reference strains representing all subtypes and circulating recombinant forms
with the ClustalW program. Phylogenetic trees were constructed using the neigh-
bor-joining method and Kimura two-parameter model. We evaluated 100 repli-
cates by phylogenetic analysis. Among the 243 patients, 216 were infected with
HIV-1 subtype B and 27 with HIV-1 subtype non-B (6 with CRF02_AG, 5 with
CRFO01_AE, 4 with CRF06_cpx, 6 with D, 1 with A, 1 with A1, 1 with CRF11, 1
with CRF14, and 1 with F1 and 1G).

Statistical methods. Virological response (VR) was defined as a decrease of at
least 1.5 log;, copies/ml and/or HIV-1 RNA level of <50 copies/ml at month 2.
Association between 57 NNRTI resistance mutations and VR was studied using
Fisher’s exact test. This list of 57 mutations includes 44 NNRTI RAMs (V90I,
A98G, L1001, K101E/P/Q, KI103H/N/S/T, V106A/I/M, V108I, E138G/K/Q,
VI179D/E/F/G/1, Y181C/I/V, Y188C/H/L, V189, GI190A/C/E/Q/S, H221Y,
P225H, F227C/L, M230I/L, P236L, K238N/T, and Y318F) identified from an
extensive review of the existing literature on NNRTT resistance plus 13 mutations
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TABLE 1. Baseline characteristics of the study population”
Result (IQR)

Characteristic”

% of male patients

% of patients with subtype B 89
Median no. of plasma HIV-1 RNA log,,
copies/ml 4.4 (3.7-4.9)

Median CD4 cell count/mm?...

. 175 (69-312)
Median no. of patients with previous antiretroviral

treatment
Antiretroviral drugs 13 (11-15)
NRTIs 6 (5-7)
NNRTIs.. 1(1-2)
PIs ... 5 (4-6)

% of patients treated with wit . 60
% of patients treated with RAL
% of patients with ETR cotreatment

NRTIs + PI + RAL ..

NRTIs + PI + ENF..........
NRTIs + PI + ENF + RAL.
NRTIs + RAL

“n = 243.

? IQR, interquartile range; NRTTIs, nucleoside reverse transcriptase inhibitors;
NNRTIs, non-nucleoside reverse transcriptase inhibitors; PIs, protease inhibi-
tors; ENF, enfuvirtide; RAL, raltegravir; ETR, etravirine.

by addition of all mutations observed at NNRTI resistance amino acid positions
(23, 28). All past genotypic resistance tests were taken into account in the
analyses, and a mutation was considered as present if it was detected in baseline
genotype or in at least one previous genotype.

The impact of baseline HIV-1 RNA, CD4 cell count, viral subtype (B versus
non-B), past NNRTI used, genotypic sensitivity score (GSS) for PI, GSS for
NRTI, the previous use of nevirapine (NVP) or efavirenz (EFV), having had an
active boosted PI or not, and the number of new drugs associated with ETR for
the first time on the VR to an ETR regimen was also investigated. Multivariate
analysis (logistic model) was performed to search for independent predictive
factors associated with VR to ETR. The statistical program used for analyses was
SAS (version 9.0).

We used mutations present in the RT and protease gene and the ANRS
algorithm (http://www.hivfrenchresistance.org/) to determine whether patients
receiving a particular nucleoside reverse transcriptase inhibitor (NRTI) or pro-
tease inhibitor (PI), had resistant or susceptible virus strains.

RESULTS

Overall, 199/243 (82%) patients receiving an ETR-contain-
ing regimen displayed a VR at month 2. One hundred twenty
patients had a viral load (VL) of <50 copies/ml, 179 had a
decrease in VL of at least 1.5 log,, at month 2, and 100 patients
had both criteria. Patients had a median of 4 genotypes (inter-
quartile range [IQR], 2 to 6). The main characteristics of the
study population are shown in Table 1. In the background
regimen associated with ETR, the most frequent NRTIs pre-
scribed were emtricitabine/lamivudine (FTC/3TC) (63%),
tenofovir (TDF) (49%), and abacavir (ABC) (21%); the most
frequent PI was darunavir (DRV) (79%). RAL was associated
with ETR in 73% of cases and ENF in 23% of cases. Patients
used for the first time ENF, DRV, and RAL in combination
with ETR in 10%, 49%, and 61% of the cases, respectively.

Effect of NNRTI resistance mutations on virological re-
sponse. The prevalence of NNRTI resistance mutations among
the viruses studied is displayed in Fig. 1. Among the list of 57
NNRTI RAMs, the following mutations were not detected in
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FIG. 1. Prevalence of the 57 nonnucleoside reverse transcriptase inhibitor resistance-associated mutations among the 243 isolates.

the population studied: K10IN, K103T, V179F, Y188C,
G190C, F227C, and Y318F.

In univariate analysis, 4 NNRTI mutations were associated
with a lower VR to ETR (P < 0.05)—Y181V, V1791, V106l,
and Y188L—and the K103N mutation was associated with a
higher VR (Table 2). A trend toward significance was found
for the E138A mutation (P = 0.06), which was kept for further
analyses because it belongs to the weighted score previously
described. In the ETR weighted score defined by Vingerhoets
et al., the Y181I and Y181V mutations had the highest weight,
followed by L100I, K101P, Y181C, and M230L (28). In our
analysis, although all of these mutations were present in the
data set, only Y181V had a significant negative impact on VR
to ETR.

Patients harboring viruses with the K103N mutation com-
pared with patients not harboring the K103N mutation had
fewer NNRTI mutations (median of 2 mutations versus 3 mu-
tations; P = 0.054). They were also more frequently exposed to
EFV in the past (77% versus 58%; P = 0.004) and less fre-
quently exposed to NVP in the past (45% versus 63%; P =
0.008) and had no difference regarding the number of new
drugs received in combination with ETR.

Although Y181C was not associated with a reduced VR, we
compared patients harboring viruses with the Y181C mutation
with patients not harboring the Y181C mutation and found
that patients with viruses containing Y181C had more NNRTI
mutations (median of 3 mutations versus 2 mutations; P <
0.0001). There was no difference in past exposure to EFV, but
they were more frequently exposed to NVP in the past (73%

TABLE 2. Univariate analysis of the virological response to etravirine
as a function of the presence of mutated or wild-type codons among
the list of 57 nonnucleoside reverse transcriptase inhibitor
resistance-associated mutations

No. (%) of responders/total

Position P value
Wild type Mutation
Y181V 198/238 (83) 1/5 (20) 0.00415
K103N 110/144 (76) 89/99 (90) 0.00694
V1791 142/164 (87) 57/79 (72) 0.00784
V1061 190/228 (83) 9/15 (60) 0.03477
Y188L 189/228 (83) 10/16 (63) 0.04800
E138A 191/230 (83) 8/13 (62) 0.06415¢

“ A trend toward significance was found for the E138A mutation, which was
kept for further analyses.

versus 50%; P = 0.001) and no difference was observed in the
number of new drugs received in combination with ETR.

Factors associated with the virological response. (i) Univar-
iate analysis. Baseline HIV-1 RNA, CD4 cell count, viral sub-
type (B versus non-B), GSS for PI, and GSS for NRTI were not
associated with VR. There was no difference in VR between
patients receiving an active boosted PI and those receiving a
nonactive PI or no PI at all (84% versus 80%). The number of
drugs received for the first time including DRV, RAL, ENF,
and ETR was strongly associated with the VR (P < 0.001)
(Fig. 2).

Although the number of previous NNRTIs received in the
past was not associated with VR to ETR, among patients
exposed to only one NNRTI, the previous use of NVP rather
than EFV was associated with a poorer response (77% versus
91%; P = 0.03). In these patients who received only NVP or
EFV before the use of ETR, the number of NNRTI mutations
was not statistically different.

(ii) Multivariate analysis. The following variables were po-
tentially be included in the final multivariate model: past
NNRTI used, GSS for PIs and NRTIs, the number of new
drugs associated with ETR for the first time, and mutations
associated with VR in univariate analysis.

Four variables were retained in the final multivariate model
as independently associated with the ETR VR: the number of
new drugs used in combination with ETR for the first time and
K103N with a better VR and mutations Y181V and E138A
with a poorer VR (Table 3).

1007 P <0.001
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received in addition to ETR
FIG. 2. Virological response to etravirine (ETR) as a function of
the number of drugs received for the first time, comprising darunavir
(DRYV), raltegravir (RAL), enfuvirtide (ENF), and etravirine.
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TABLE 3. Factors associated with virological response to etravirine
in multivariate analysis®

Variable OR 95% CI P value
Receiving 2 new drugs or more in 8 2.6-24.5 0.0003
combination with ETR
Presence of Y181V 0.05 0-0.6 0.02
Presence of K103N 2.4 1.1-54 0.03
Presence of E138A 0.23 0.06-0.9 0.03

“ OR, odds ratio; CI, confidence interval.

DISCUSSION

In this study, we observed a VR (defined as a decrease of at
least 1.5 log,, copies/ml and/or HIV-1 RNA at <50 copies/ml
at month 2) in 82% of the patients studied. The following
NNRTI mutations were associated with a decreased VR to
ETR: Y181V, V1791, V106l, Y188L, and E138A. The K103N
mutation had no effect and was even associated with a better
VR to ETR. In the multivariate analysis, some variables were
retained as independently positively associated with the VR,
including the number of new drugs used in combination with
ETR for the first time and the K103N mutation, in addition to
others negatively associated with the VR, such as mutations
Y181V and E138A.

The VR was defined here as a decrease of at least 1.5 log,,
copies/ml and/or HIV-1 RNA at <50 copies/ml at month 2,
which is a criterion currently used in such studies (7, 14-16).
Month 2 has been chosen as an endpoint because the impact of
mutations on the response needs to be measured early after
initiation of a new agent to avoid possible interference of drug
discontinuation, dropout, toxicity, and adherence to the regi-
men in the VR.

From the 17 ETR RAMs involved in the weighted genotypic
score, only 3 of them were associated in this study with a
decreased VR to ETR in univariate analysis. A certain number
of mutations had a very low frequency in our study, limiting the
power to detect their potential effect on the virological re-
sponse. For example, the following 8 mutations were found in
<5% of patients: Y181I/V, K101P, M230L, G190S, K103H,
and V179D/T. Of note, nine mutations (K10IN, K103T,
V179F, Y188C, G190C, F227C, Y318F, N348I, and N348T)
were not found in our sample. The Y181V has been previously
described to have a high weight (3.0) and both V1061 and
E138A a medium weight (1.5) on VR to ETR (28). Two mu-
tations not previously included in the 17 ETR RAMs have
been identified in this study: V1791 and Y188L. In vitro selec-
tion experiments identified mutations selected by ETR that
included known NNRTI-associated mutations L1001, Y181C,
G190E, M230L, and Y318F and the novel mutations V1791
and V179F (21, 26). Thus, it is understandable that V1791 has
been associated with a decreased VR to ETR since it can be
selected in vitro by ETR. Moreover, it has been shown in the
DUET trials that V1791 can emerge upon virological failure in
patients on an ETR-containing regimen (24). Y188L is a
NNRTT resistance mutation already known that can be se-
lected in case of EFV failure, and viruses with this mutation in
the RT gene show reduced in vitro susceptibility to EFV and
NVP (3). Moreover, Y188L was previously described in a study
to have a potential role in ETR resistance (4).
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K103N is the most commonly reported resistance mutation
for NNRTIs arising from clinical use of this drug class (12). A
number of structures of the RT K103N mutant have been
reported (5, 11, 20). An early suggestion of how this mutation
can give rise to resistance was based on the crystal structure of
unliganded HIV-1 RT into which the K103N change was mod-
eled. This work showed that a hydrogen bond could be made
between the hydroxyl group of the Tyr188 side chain in the
unliganded down position and the Asn103 amide group. Such
an interaction would have the effect of stabilizing the apo-RT
conformation and hence create an energy barrier to binding
NNRTIs, thereby giving a reduction in potency. Modeling of
ETR entry into the NNRTT using targeted molecular dynamics
has led to the suggestion that hydrogen bonding from a cyano
substituent may assist in breaking the Asn103-Tyr188 H-bond,
thereby explaining the potency of this compound against the
K103N mutant RT (22). In the DUET trials, it has been shown
that K103N was not associated with a decreased VR (27). Our
results confirm that the K103N mutation has no effect on VR
to ETR and further suggest it may be associated with a better
VR when present. Phenotypic studies have shown that ETR
retains in vitro efficacy against K103N mutants, but there is no
evidence of hypersusceptibility. The positive impact of the
K103N mutation on ETR VR should be further investigated,
especially the type of mutations associated with K103N that
could explain a hypersensitivity to ETR, such as NRTI muta-
tions (18).

It is noteworthy that certain baseline characteristics of our
patients were similar to those of the DUET trial populations,
such as the number of antiretroviral drugs received before
starting the ETR regimen; the numbers of NRTIs, NNRTIs,
and PIs received in the past; the CD4 cell count; and the
plasma viral load. However, we did not identify strictly the
same mutations impacting the ETR VR. Indeed, this may be
due to the use of different patient populations, resistance
methodologies, and statistical approaches. These different ap-
proaches are nonetheless interesting because this allows iden-
tification of mutations in a population that would not be
present in another population, thus contributing to enlarging
the knowledge of mutations implicated in resistance to a drug.

Our results confirm that previous exposure to NVP was
associated with a poorer VR to ETR that is consistent with
other studies showing that NVP rather than EFV was associ-
ated with an increased number of ETR mutations (9, 19).
Thus, use of EFV may be less likely to lead to ETR resistance
than that of NVP. In addition, it has been shown that the
duration of initial NNRTI exposure was associated with an
increasing likelihood of developing in vitro ETR resistance (9).
Therefore, the choice and treatment duration of the initial
NNRTI may affect the subsequent ETR response. Finally, the
number of active drugs associated with ETR seems to be a
factor strongly impacting the VR to ETR, as it was indepen-
dently associated with the VR. Prior publications have already
indicated the number of new agents to be a common predictor
of success (2, 29). In our study, in patients receiving 3 active
drugs in their regimen comprising ETR, 95% of patients were
responders. This result, combined with the fact that the use of
a boosted PI in combination with ETR was not associated with
a better VR, suggests that the most important condition is the
number of active drugs in the ETR regimen regardless of the
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therapeutic class. However, as the virological and clinical effi-
cacy of ETR has been demonstrated in combination with
boosted darunavir in the DUET trials, the use of ETR in
combination with a boosted PI should be prescribed when
possible.

In conclusion, in this population of NNRTI-experienced pa-
tients, ETR was associated with high response rates. Factors
associated with a better VR to ETR were the number of new
drugs (among RAL, DRV, or T20) used for the first time in
combination with ETR and the presence of K103N. The use of
a boosted PI in combination with ETR was not associated with
a better VR, suggesting that the most important factor is the
use of active drugs regardless of the therapeutic class. Muta-
tions Y181V and E138A were independently associated with
poor VR, whereas no effect on VR was observed with Y181C.
The positive impact of K103N mutation on ETR VR should be
further investigated, especially the type of mutations associ-
ated with K103N that could explain a hypersensitivity to ETR,
such as NRTI mutations.
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