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Background: In the ECHO/THRIVE 96-week -efficacy
analysis, the response rate was 78% with rilpivirine
(RPV) and efavirenz (EFV) plus two nucleoside/nucleotide
reverse transcriptase inhibitors.

Methods: For resistance analyses, virological failures
(VFs) were genotyped andfor phenotyped at baseline
and failure.

Results: In the overall 96-week resistance analyses, the
proportion of VFs was higher with RPV (96/686, 14%)
versus EFV (52/682, 8%), but similar within weeks 48-96
(22/686, 3% versus 16/682, 2%). In genotyped VFs, treat-
ment-emergent non-nucleoside reverse transcriptase
inhibitor (NNRTI) resistance-associated mutations (RAMs)
were as common with RPV (46/86, 53%) versus EFV (20/42,
48%), but nucleoside/nucleotide reverse transcriptase
inhibitor RAMs were more common with RPV (48/86,
56%) than EFV (11/42, 26%). In RPV VFs, E138K+M184l

remained the most frequent combination. Among RPV
VFs with phenotypic RPV resistance, cross-resistance was
observed with nevirapine (16/35, 46%), EFV (30/35, 86%)
and etravirine (32/35, 91%). Among patients with base-
line viral load (VL)<100,000 copies/ml, there were fewer
VFs (RPV: 28/368, 8%; EFV: 20/329, 6%), fewer VFs with
treatment-emergent NNRTI RAMs (RPV: 10/27, 37%; EFV:
6/17, 35%), and less phenotypic resistance to RPV and
other NNRTIs, than in patients with baseline VL>100,000
copies/ml (VFs: 68/318, 21% [RPV], 32/353, 9% [EFV];
NNRTI RAMs: 36/59, 61% [RPV], 14/32, 56% [EFV]).
Among RPV VFs with baseline VL<100,000 copies/ml
observed within weeks 48-96, only 1/7 had phenotypic
resistance to RPV.

Conclusions: During the second year of treatment in
ECHO/THRIVE, few VFs with emerging NNRTI RAMs (no
new RPV RAMs) occurred.

Introduction

The non-nucleoside reverse transcriptase inhibitor
(NNRTI) rilpivirine (RPV; TMC278, EDURANT®),
combined with other antiretroviral drugs (ARVs) and
asa single-tablet regimen with emtricitabine (FTC) and
tenofovir disoproxil fumarate (TDF; COMPLERA®
[USJ/EVIPLERA® [EU], Gilead Sciences, Foster City,
CA, USA), is approved in treatment-naive, HIV-1-in-
fected adults in several countries worldwide, includ-
ing the USA, Canada and Europe [1-4]. The pooled
48-week efficacy and safety outcomes of ECHO and
THRIVE [5] were the basis of the regulatory approval
of RPV. Both of these Phase III clinical trials assessed
the efficacy and safety of 25 mg RPV once daily ver-
sus 600 mg efavirenz (EFV) once daily, each with a
nucleoside/nucleotide reverse transcriptase inhibitor
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(NRTI) background regimen. Non-inferior efficacy of
RPV versus EFV was demonstrated in each trial at 48
weeks [6,7]. In the pooled 96-week efficacy analyses
of ECHO/THRIVE, 78% of RPV-treated and 78%
of EFV-treated patients (difference [95% CI]: 0.0%
[-4.4%, 4.4%]) had a viral load (VL)<50 copies/ml
(intent-to-treat, time to loss of virological response)
[8]. Among patients with baseline VL<100,000 cop-
ies/ml, virological responses occurred in 84 % of RPV-
and 80% of EFV-treated patients (difference [95%
CI] 4.0% [-1.7%, 9.7%]). Virological responses in
the baseline VL>100,000 copies/ml subgroup were
seen in 70% of RPV- versus 75% EFV-treated patients
(difference [95% CI] -5.2% [-12.0%, 1.5%]). RPV

was associated with significantly lower incidences of
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adverse events leading to discontinuation, grade 2—4
adverse events at least possibly related to treatment
(rash, dizziness and abnormal dreams/nightmares),
and fewer grade 2—4 lipid abnormalities than EFV [8].

Many factors guide the selection and use of ARVs
in HIV-1 infection [9,10]. In addition to efficacy and
tolerability, important factors are the presence of
resistance-associated mutations (RAMs) or the poten-
tial for emergence of RAMs likely to limit future
treatment options [11-13]. Therefore, the characteri-
zation of the resistance profile of new ARVs is critical.

Data on the 48-week resistance analyses of ECHO/
THRIVE have been published [14]. Briefly, among
the RPV and EFV virological failures (VFs; that is,
patients included in the resistance analysis), the pro-
portions of RPV and EFV VFs with treatment-emer-
gent NNRTI RAMs were comparable. However, the
proportions of VFs with treatment-emergent NRTI
RAMs were higher with RPV than with EFV. The
most common treatment-emergent NNRTI RAMs
and NRTI RAMs in RPV VFs were E138K and
M184I, respectively. Analyses by baseline VL showed
that the occurrence of RPV VFs with treatment-
emergent NNRTI RAMs and NRTI RAMs was less
frequent among patients with baseline VL<100,000
versus >100,000 copies/ml. In patients with base-
line VL<100,000 copies/ml, the proportion of VFs
with treatment-emergent NNRTI RAMs was similar
between the RPV and EFV treatment groups, and the
proportion of VFs with treatment-emergent NRTI
RAMs was higher with RPV than with EFV. Pheno-
typic resistance to RPV was seen in half of the RPV
VFs, and was more prevalent in patients with baseline
VL>100,000 copies/ml versus baseline VL<100,000
copies/ml. Among the RPV VFs with resistance to
RPV, cross-resistance to nevirapine (NVP), etravirine
(ETR) and EFV was common.

The aims of the present analyses are to report the
virology and resistance findings of the VFs observed in
the overall 96-week ECHO/THRIVE database, and to
further evaluate these findings by time period (weeks
0-48 versus 48-96), and by baseline VL (<100,000 and
>100,000 copies/ml).

Methods

Trial design and treatment

Details of the ECHO and THRIVE trials (ClinicalTrials.
gov numbers NCT00540449 and NCT00543725) have
been published [6,7]. These were multicentre, interna-
tional, Phase III, randomized, double-blind, double-
dummy trials in treatment-naive, HIV-1-infected adults.
Patients had baseline VI.>5,000 copies/ml, and showed
sensitivity (virco™MTYPE HIV-1; Janssen Diagnostics
BVBA, Beerse, Belgium) to the background NRTIs.
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An important exclusion criterion was the presence of
>1 NNRTI RAM from a list of 39 [6,7,15]. Patients
received either RPV 25 mg once daily or EFV 600 mg
once daily, and a background NRTI regimen; TDF/FTC
in ECHO [6], and investigator-selected NRTIs (TDF/
FTC, zidovudine/lamivudine [3TC], or abacavir/3TC)
in THRIVE [7].

Virology assessments

Plasma samples were collected at screening, baseline, at
regular intervals throughout the trials and at the final/
withdrawal visit. VL was evaluated using the COBAS
Amplicor HIV-1 Monitor Test (version 1.5; Roche
Diagnostics, Basel, Switzerland).

Samples for viral genotypic and phenotypic analyses
were taken at screening/baseline and at selected visits
at/after the failure time point. Genotypic analyses were
conducted by population sequencing (virco™TYPE
HIV-1, Janssen Diagnostics BVBA) of the amino acids
1-400 of the HIV-1 reverse transcriptase. Phenotypic
resistance (Antivirogram®; Janssen Diagnostics BVBA)
to an NNRTI was determined as a fold-change (FC)
above the biological cutoff (BCO; >3.3 for EFV; >6.0
for NVP; >3.7 for RPV [16]) or the lower clinical cutoff
(>3.2 for ETR).

Data analyses and definition of VF

The resistance analyses of the 96-week database
were performed on the pooled intent-to-treat ECHO/
THRIVE populations. To capture all emergence of
resistance, VF was defined broadly as either: first achiev-
ing two consecutive VL values <50 copies/ml then
having two consecutive (or only one if treatment was
stopped) VL values >50 copies/ml (rebounder); or never
achieving two consecutive VL values <50 copies/ml and
having an increase in VL>0.5 log,, copies/ml above the
nadir (never suppressed). In the resistance analyses, the
time of failure visit was defined as the first visit at/after
VF with genotypic data. Post hoc statistical comparisons
were conducted as appropriate using Fisher’s Exact test
at a 5% significance level and without correction for
multiplicity.

Some analyses included the entire dataset, and oth-
ers were limited to the first year (weeks 0-48, that is,
including all patients with VF up to and including the
48-week visit), or the second year (weeks 48-96, that
is, including all patients with VF post the 48-week
visit and up to and including the 96-week visit) of
the trials. The allocation of the VFs to the week 0-48
and 48-96 periods was done using the 48-week and
96-week visits as cutoff dates, and consequently,
one of the RPV-treated patients who experienced
VF after the 96-week visit was not included in the
analyses by trial periods (weeks 0-48 and 48-96).
Subanalyses of these two trial periods by baseline VL
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categories (<100,000 and >100,000 copies/ml) were
also included. Because randomization was stratified
by baseline VL (<100,000, >100,000 to <500,000,
and >500,000 copies/ml) data were also evaluated for
patients in the baseline VL category >500,000 copies/
ml for a limited number of end points. Patients in the
latter category are also included within the >100,000
copies/ml group in our subanalyses.

Resistance analyses and identification of RAMs

In the 96-week database, genotypic data were available
for 86/96 RPV VFs and 42/52 EFV VFs, and phenotypic
data were available for 81/96 RPV VFs and 41/52 EFV
VFs (missing genotype and phenotype were usually due
to VL<500 copies/ml).

The lists of 20 NRTI RAMs [17], 48 NNRTI RAMs
[15,18] and 16 RPV RAMs (K101E/P, E138A/G/K/
Q/R, V179L, Y181C/1/V, Y188L, H221Y, F227C and
M230I/L) [14,17,19,20] were used in this report.

Results

VFs

In the 96-week resistance analyses, significantly more
patients had VF (see definition in Methods) with
RPV (96/686, 14%) than with EFV (52/682, 8%;
P<0.0001). In patients with baseline VL<100,000 cop-
ies/ml, the proportion of VFs was comparable between
RPV (28/368,8%) and EFV (20/329, 6%; P=0.46), but
was higher among patients with VL>100,000 copies/
ml with RPV (68/318, 21%) than with EFV (32/353,
9%; P<0.0001; Table 1). The proportion of VFs was
also higher with RPV (17/69, 25%) than with EFV
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(11/83, 13%) in patients with baseline VL>500,000
copies/ml.

The analysis by trial period showed that the major-
ity of VFs occurred within weeks 0-48 (RPV: 73/686,
11%; EFV: 36/682, 5%). Within weeks 48-96, the
numbers of VFs in the subgroup of patients with base-
line VL<100,000 copies/ml were low (RPV: 7/368, 2%
and EFV: 6/329, 2%; Table 1).

The VFs that were classified as never suppressed
occurred essentially within weeks 0-48 (RPV: 43/686,
6%; EFV: 17/682, 3%), while only one (<1%) in
each treatment group was observed within weeks
48-96. The proportions of RPV and EFV VFs that
were rebounders within weeks 0-48 (RPV: 30/686,
4%; EFV: 19/682, 3%) and within weeks 48-96
(RPV: 21/686, 3%: EFV: 15/682, 2%) were similar
(RPV, P=0.25; EFV, P=0.60; Table 1). Within the lat-
ter period, the median VLs (IQR Q1-Q3) at the time
of failure were 2,400 (1,690-5,260) versus 1,060
(484-6,250) copies/ml for the RPV VFs with baseline
VL<100,000 or >100,000 copies/ml, respectively.

Treatment-emergent NNRTI and NRTI RAMs

In the 96-week resistance analyses, among the 86 RPV
VFs with genotypes the proportions of RPV VFs with
>1 treatment-emergent NNRTI, NRTI and a combi-
nation of an NNRTI RAM with an NRTI RAM were
46/86 (53%), 48/86 (56%) and 43/86 (50%), respec-
tively. Compared with RPV VFs, a similar proportion
of the 42 EFV VFs with genotypes had treatment-
emergent NNRTI RAMs (20/42, 48%; P=0.58), but
a smaller proportion had treatment-emergent NRTI
RAMs (11/42, 26%; P=0.0023), and consequently

Table 1. Proportion of VFs by type, trial period and baseline VL, at time of failure

RPV patients EFV patients

Baseline Baseline Baseline Baseline

VL<100,000 VL>100,000 VL<100,000 VL>100,000

copies/ml copies/ml All copies/ml copies/ml All
Overall 96-week analysis
All 28/368 (8) 68/318 (21) 96/686 (14) 20/329 (6) 32/353 (9) 52/682 (8)
Never suppressed 10/368 (3) 34/318 (11) 44/686 (6) 4/329 (1) 14/353 (4) 18/682 (3)
Rebounders 18/368 (5) 34/318 (11) 52/686 (8) 16/329 (5) 18/353 (5) 34/682 (5)
Weeks 0-48
All 20/368 (5) 53/318 (17) 73/686 (11) 14/329 (4) 22/353 (6) 36/682 (5)
Never suppressed 10/368 (3) 33/318 (11) 43/686 (6) 4/329 (1) 13/353 (4) 17/682 (3)
Rebounders 10/368 (3) 20/318 (6) 30/686 (4) 10/329 (3) 9/353 (3) 19/682 (3)
Weeks 48-96°
All 7/368 (2) 15/318 (5) 22/686 (3) 6/329 (2) 10/353 (3) 16/682 (2)
Never suppressed 0/368 1/318 (<1) 1/686 (<1) 0/329 1/353 (<1) 1/682 (<1)
Rebounders 7/368 (2) 14/318 (4) 21/686 (3) 6/329 (2) 9/353 (3) 15/682 (2)

Data are number of virological failures (VFs)/number of patients (%). “One VF in the rilpivirine (RPV) group is not reported in the trial period because the time of failure

occurred after the 96-week visit (Table 5). EFV, efavirenz; VL, viral load.
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Table 2. Proportion of VFs with treatment-emergent” NNRTI RAMs and NRTI RAMs by trial period and baseline VL, at time of failure

RPV VFs EFV VFs

Baseline Baseline Baseline Baseline

VL<100,000 VL>100,000 VL<100,000 VL>100,000

copies/ml copies/ml All copies/ml copies/ml All
Overall 96-week analysis
No RAMs 13/27 (48) 14/59 (24) 27/86 (31) 10/17 (59) 8/25 (32) 18/42 (43)
NNRTI RAMs 10/27 (37) 36/59 (61) 46/86 (53) 6/17 (35) 14/25 (56) 20/42 (48)
NRTI RAMs 12/27 (44) 36/59 (61) 48/86 (56) 2/17 (12) 9/25 (36) 11/42 (26)
NNRTI+NRTI RAMs 9/27 (33) 34/59 (58) 43/86 (50) 1/17 () 7/25 (28) 8/42 (19)
Weeks 0-48
No RAMs 10/19 (53) 9/48 (19) 19/67 (28) 5/11 (45) 5/17 (29) 10/28 (36)
NNRTI RAMs 7/19 37) 32/48 (67) 39/67 (58) 5/11 (45) 11/17 (65) 16/28 (57)
NRTI RAMs 8/19 (42) 33/48 (69) 41/67 (61) 2/11 (18) 7117 (41) 9/28 (32)
NNRTI+NRTI RAMs 6/19 (32) 31/48 (65) 37/67 (55) 111 (9) 7117 (41) 8/28 (29)
Weeks 48-96°
No RAMs 3/7 (43) 5/11 (45) 8/18 (44) 5/6 (83) 3/8 (38) 8/14 (57)
NNRTI RAMs 2/7 (29) 4/11 (36) 6/18 (33) 1/6 (17) 3/8 (38) 4/14 (29)
NRTI RAMs 3/7 (43) 3/11 (27) 6/18 (33) 0/6 (0) 2/8 (25) 2/14 (14)
NNRTI+NRTI RAMs 2/7 (29) 3/11 (27) 5/18 (28) 0/6 (0) 0/8 (0) 0/14 (0)

Data are number of virological failures (VFs)/number of VFs with genotypic data (%). “Mutations absent prior to treatment (screening or baseline) and present at
time of failure (virco™TYPE HIV-1). ®One VF in the rilpivirine (RPV) group is not reported in the trial period because the time of failure occurred after the 96-week
visit (Table 5). EFV, efavirenz; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside/nucleotide reverse transcriptase inhibitor; RAM, resistance-

associated mutations; VL, viral load.

also fewer had a combination of an NNRTI RAM
with an NRTI RAM (8/42, 19%; P=0.0023; Table 2).

Among patients with baseline VL<100,000 copies/
ml, the proportions of RPV (10/27, 37%) and EFV
(6/17, 35%) VFs with treatment-emergent NNRTI
RAMs were comparable. Among patients with base-
line VL>100,000 copies/ml, the proportion of RPV
VFs with NNRTI RAMs (36/59, 61%) was similar
to that of EFV VFs (14/25, 56%; P=0.061; Table 2).
Because only few VFs occurred within weeks 48-96,
comparison of the proportion of RPV VFs with treat-
ment-emergent NNRTI or NRTI RAMs between
the two trial periods was difficult. Some variation
was found between the proportion of RPV VFs with
NNRTI RAMs within weeks 0-48 (39/67, 58%) and
within weeks 48-96 (6/18, 33%; P=0.81); a similar
observation was made with EFV VFs. As in weeks
0-48 (RPV: 41/67, 61% and EFV: 9/28, 32%), the
number of VFs with NRTI RAMs within weeks 48-96
was higher in RPV (6/18, 33 %) than EFV (2/14, 14%)
VFs (P=0.41).

Within weeks 48-96, combinations of an NNRTI
RAM with an NRTI RAM were only seen in RPV VFs
(5/18, 28%), and were similarly distributed among
patients with baseline VL>100,000 copies/ml (3/11,
27%) and baseline VL<100,000 copies/ml (2/7, 29 %;
Table 2).

There were few RPV VFs with >3 NNRTI RAMs
(9/86, 11%), and most were observed within weeks
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0-48 among the patients with baseline VL>100,000
copies/ml. There were also fewer EFV VFs with mul-
tiple NNRTI RAMs within weeks 48-96 than within
weeks 0-48 (Table 3). A higher proportion of RPV VFs
had >2 NNRTI RAMs (4/18, 22%) compared with
EFV VFs (1/14, 7%) within weeks 0-438.

The treatment-emergent NNRTI RAMs observed
in 22 RPV VFs were V901, L1001, K101E, E138K/Q,
V1791, Y181C, V1891, H221Y and F227C (Table 4). In
the overall week 96 analysis, the most frequent combina-
tion of an NNRTI RAM with an NRTI RAM remained
E138K+M1841I in RPV VFs, and K103N remained the
most frequent RAM in EFV VFs [14]. In the overall
week 96 analyses, the most common combination of
RAMs observed in the RPV VFs, E138K+M1841/V [14],
was more frequently observed in RPV VFs with base-
line VL>100,000 copies/ml (22/59, 37%) than in RPV
VFs with baseline VL<100,000 copies/ml (7/27, 26%).
The highest frequency was found in RPV VFs with base-
line VL>500,000 copies/ml (10/17, 59%). Within weeks
48-96, the most frequent treatment-emergent NNRTI
and NRTI RAMs in the RPV VFs were E138K (3/18,
17%) and M184I (4/18, 22%). E138K and M184I/V
were usually observed in combination: two VFs with
E138K+M1841 and one with E138K+M184V; their
RPV FC values were 1.4, 6.5 and 10.9 (Table 5).
Two NNRTI RAMs (K103N, G190E) not previously
described in the 48-week analysis [14] were observed
in single RPV VFs within 48-96 weeks (Table 4). Both

©2013 International Medical Press



RPV resistance in Phase Ill trials

Table 3. Proportion of VFs by number of treatment-emergent® NNRTI RAMs per VF by trial period and baseline VL, at time of failure

RPV VFs EFV VFs

Baseline Baseline Baseline Baseline

VL<100,000 VL>100,000 VL<100,000 VL>100,000
NNRTI RAMSs, n copies/ml copies/ml All copies/ml copies/ml All
Overall 96-week analysis
0 17/27 (63) 23/59 (39) 40/86 (47) 11/17 (65) 11/25 (44) 22/42 (52)
1 6/27 (22) 16/59 (27) 22/86 (26) 5/17 (29) 8/25 (32) 13/42 (31)
2 3/27 (11) 12/59 (20) 15/86 (17) 1117 (6) 3/25(12) 4/42 (10)
>3 1127 (4) 8/59 (14) 9/86 (11) 0/17 (0) 3/25 (12) 3/42 (7)
Weeks 0-48
0 12/19 (63) 16/48 (33) 28/67 (42) 6/11 (55) 6/17 (35) 12/28 (43)
1 4/19 (21) 15/48 (31) 19/67 (28) 4/11 (36) 6/17 (35) 10/28 (36)
2 2/19 (1) 10/48 (21) 12/67 (18) 111 (9) 3/17 (18) 4/28 (14)
>3 1/19 (5) 7/48 (15) 8/67 (12) 0/11 (0) 2/17 (12) 2/28 (7)
Weeks 48-96°
0 5/7 (71) 7/11 (64) 12/18 (67) 5/6 (83) 5/8 (63) 10/14 (71)
1 117 (14) 1/11 (9) 2/18 (1) 116 (17) 2/8 (25) 3/14 (21)
2 117 (14) 2/11 (18) 3/18 (17) 0/6 (0) 0/8 (0) 0/14 (0)
>3 0/7 (0) 1/11 (9) 1/18 (6) 0/6 (0) 1/8 (13) 1114 (7)

Data are number of virological failures (VFs)/number of VFs with genotypic data (%). “Mutations absent prior to treatment (screening or baseline) and present at
time of failure (virco™TYPE HIV-1). ®One VF included in the 96-week database was not reported with the weeks 48-96 because the time of failure occurred after the
96-week visit (Table 5). EFV, efavirenz; NNRTI, non-nucleoside reverse transcriptase inhibitor; RAM, resistance-associated mutation; RPV, rilpivirine; VL, viral load.

were found in RPV VFs with a baseline VL>100,000
copies/ml (Table 5). The presence of K103N or G190E
was not associated with an increase in RPV FC (2.6 and
1.4, respectively). E138Q was observed in combina-
tion with M1841 (RPV FC=3.2). The Y188L mutation
recently described to be associated with decreased phe-
notypic susceptibility to RPV [19], and recently included
as one of the RPV RAMs [20], was not detected among
the treatment-emergent NNRTI RAMs (Tables 4 and 5).
Patient self-reported adherence questionnaires indicated
<95% adherence for 7/18 (39%) of RPV VFs occurring
within weeks 48-96, and 4/7 of these RPV VFs had
no treatment-emergent RAMs (Table 5). Within weeks
48-96, three out of four RPV VFs with pre-existing
RAMs at baseline (that is, V90I+A62V or V179I1) had
no treatment-emergent RAMs at failure (Table 5).

There were 42/86 (49%) RPV VFs with at least 1 of
the 16 RPV RAMs (see Methods); most were observed
within weeks 0-48 (37/42, 88%). Nine RPV RAMs
were identified in the RPV VFs in the overall 96-week
resistance analysis all within weeks 0-48, and four of
those nine were also detected within weeks 48-96.
Most of the RPV RAMs were observed in patients
with a baseline VL>100,000 copies/ml (33/59, 56%;
Tables 4 and 5).

Phenotypic analysis and cross-resistance in VFs

In the 96-week resistance analyses, there were 35/81
(43%) RPV VFs with phenotypic resistance to RPV

Antiviral Therapy 18.8

(RPV FC>BCO). Of those, 35, 16, 30 and 32 were
cross-resistant to NVP, EFV and ETR, respectively. Of
the 17/41 EFV VFs resistant to EFV, 15, 1 and 0 were
cross-resistant to NVP, ETR and RPV, respectively. Phe-
notypic resistance was less common among RPV VFs
with baseline VL.<100,000 copies/ml versus >100,000
copies/ml. For EFV VFs, there was no apparent rela-
tionship between baseline VL and phenotypic resistance
(data not shown).

Discussion

ECHO and THRIVE assessed the efficacy and toler-
ability of once-daily RPV versus EFV in ARV treat-
ment-naive patients, both combined with an NRTI
background regimen. After both 48 and 96 weeks,
the efficacy analyses showed that the response rate
was high and non-inferior for RPV versus EFV [5-8].
At the end of the 96-week trial period, the efficacy
in ECHO/THRIVE remained comparable to that of
other recent studies of ARVs in HIV-1-infected, ARV-
naive patients [21-23].

The data from the 96-week resistance analyses of
ECHO/THIVE confirmed those of the 48-week resist-
ance analyses [14]. The key resistance findings in the
second year (weeks 48-96) of ECHO/THRIVE were:
similar proportions of RPV and EFV VFs with resist-
ance to their treatment NNRTI, although a higher
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Table 4. Proportion of RPV and EFV VFs with treatment-emergent” NNRTI RAMs by trial period and baseline VL, at time of failure

RPV VFs EFV VFs

Baseline VL Baseline VL Baseline VL Baseline VL

<100,000 copies/ml  >100,000 copies/m| All <100,000 copies/ml  >100,000 copies/ml  All
Overall 96-week analysis
Any NNRTI RAMs 10/27 (37) 36/59 (61) 46/86 (53)  6/17 (35) 14/25 (56) 20/42 (48)
Any RPV RAMs 9/27 (33) 33/59 (56) 42/86 (49) 117 (6) 2/25 (8) 3/42 (7)
E138K® 7/27 (26) 2459 (41) 31/86(36)  0/17 (0) 1/25 (4) 1/42 (2)
K101E® 2/27 (7) 6/59 (10) 8/86 (9) 117 (6) 1/25 (4) 2/42 (5)
H221Y¢ 0/27 (0) 7/59 (12) 7/86 (8) 0/17 (0) 0/25 (0) 0/42 (0)
Y181Ct 1/27 (4) 5/59 (9) 6/86 (7) 0/17 (0) 0/25 (0) 0/42 (0)
Vool 2/27 (7) 4/59 (7) 6/86 (7) 0/17 (0) 1/25 (4) 1/42 (2)
V189l 0/27 (0) 6/59 (10) 6/86 (7) 0/17 (0) 0/25 (0) 0/42 (0)
E138Q° 1/27 (4) 2/59 (3) 3/86 (3) 0/17 (0) 0/25 (0) 0/42 (0)
F227C® 0/27 (0) 2/59 (3) 2/86 (2) 0/17 (0) 0/25 (0) 0/42 (0)
L100I 1127 (4) 1/59 (2) 2/86 (2) 0/17 (0) 1/25 (4) 1142 (2)
V179l 1/27 (4) 1/59 (2) 2/86 (2) 0/17 (0) 0/25 (0) 0/42 (0)
K101pP® 0/27 (0) 1/59 (2) 1/86 (1) 0/17 (0) 0/25 (0) 0/42 (0)
Y1811° 0/27 (0) 1/59 (2) 1/86 (1) 0/17 (0) 0/25 (0) 0/42 (0)
M230L° 0/27 (0) 1/59 (2) 1/86 (1) 0/17 (0) 0/25 (0) 0/42 (0)
K103N 0/27 (0) 1/59 (2) 1/86 (1) 6/17 (35) 8/25 (32) 14/42 (33)
V106A 0/27 (0) 1/59 (2) 1/86 (1) 0/17 (0) 0/25 (0) 0/42 (0)
V106l 0/27 (0) 1/59 (2) 1/86 (1) 0/17 (0) 0/25 (0) 0/42 (0)
V108l 0/27 (0) 1/59 (2) 1/86 (1) 0/17 (0) 2/25 (8) 2/42 (5)
G190E 0/27 (0) 1/59 (2) 1/86 (1) 0/17 (0) 1/25 (4) 1142 (2)
F227L 0/27 (0) 1/59 (2) 1/86 (1) 0/17 (0) 0/25 (0) 0/42 (0)
V106M 0/27 (0) 0/59 (0) 0/86 (0) 0/17 (0) 3/25(12) 3/42 (7)
K101Q 0/27 (0) 0/59 (0) 0/86 (0) 0/17 (0) 1/25 (4) 1142 (2)
V179D 0/27 (0) 0/59 (0) 0/86 (0) 0/17 (0) 1/25 (4) 1/42 (2)
Y188C 0/27 (0) 0/59 (0) 0/86 (0) 0/17 (0) 2/25 (8) 2/42 (5)
Y188H 0/27 (0) 0/59 (0) 0/86 (0) 0/17 (0) 1/25 (4) 1142 (2)
P225H 0/27 (0) 0/59 (0) 0/86 (0) 0/17 (0) 1/25 (4) 1/42 (2)
K238T 0/27 (0) 0/59 (0) 0/86 (0) 0/17 (0) 1/25 (4) 1142 (2)
Weeks 0-48
Any NNRTI RAMs 7/19 (37) 32/48 (67) 39/67 (58)  5/11 (45) 11/17 (65) 16/28 (57)
Any RPV RAMs 6/19 (32) 31/48 (65) 37/67 (55) 1/11 (9) 117 (6) 2/28 (7)
E138K® 5/19 (26) 22/48 (46) 27/67 (40) 0/11 (0) 117 (6) 1/28 (4)
K101E® 2/19 (11) 6/48 (13) 8/67 (12) 1/11 (9) 0/17 (0) 1/28 (4)
Y181C° 119 (5) 5/48 (10) 6/67 (9) 0/11 (0) 0/17 (0) 0/28 (0)
H221Y® 0/19 (0) 6/48 (13) 6/67 (9) 0/11 (0) 0/17 (0) 0/28 (0)
V90l 1/19 (5) 4/48 (8) 5/67 (7) 0/11 (0) 1117 (6) 1/28 (4)
V189l 0/19 (0) 5/48 (10) 5/67 (7) 0/11 (0) 0/17 (0) 0/28 (0)
E138Q° 0/19 (0) 2/48 (4) 2/67 (3) 0/11 (0) 0/17 (0) 0/28 (0)
L100I 1/19 (5) 1/48 (2) 2/67 (3) 0/11 (0) 1/17 (6) 1/28 (4)
V179l 119 (5) 1/48 (2) 2/67 (3) 0/11 (0) 0/17 (0) 0/28 (0)
K101P® 0/19 (0) 1/48 (2) 1/67 (1) 0/11 (0) 0/17 (0) 0/28 (0)
Y1811° 0/19 (0) 1/48 (2) 1/67 (1) 0/11 (0) 0/17 (0) 0/28 (0)
F227C* 0/19 (0) 1/48 (2) 1/67 (1) 0/11 (0) 0/17 (0) 0/28 (0)
M230Lb 0/19 (0) 1/48 (2) 1/67 (1) 0/11 (0) 0/17 (0) 0/28 (0)
V106A 0/19 (0) 1/48 (2) 1/67 (1) 0/11 (0) 0/17 (0) 0/28 (0)
V108l 0/19 (0) 1/48 (2) 1/67 (1) 0/11 (0) 117 (6) 1/28 (4)
F227L 0/19 (0) 1/48 (2) 1/67 (1) 0/11 (0) 0/17 (0) 0/28 (0)
K103N 0/19 (0) 0/48 (0) 0/67 (0) 5/11 (45) 6/17 (35) 11/28 (39)
V106M 0/19 (0) 0/48 (0) 0/67 (0) 0/11 (0) 3/17 (18) 3/28 (11)
K101Q 0/19 (0) 0/48 (0) 0/67 (0) 0/11 (0) 117 (6) 1/28 (4)

Data are number of virological failures (VFs)/number of VFs with genotypic data (%). “Mutations absent prior to treatment (screening or baseline) and present at time
of failure (virco™TYPE HIV-1). ‘Rilpivirine (RPV) resistance-associated mutations (RAMs). ‘One VF included in the 96-week database was not reported with the weeks
48-96 because the time of failure occurred after the 96-week visit (Table 5). EFV, efavirenz; NNRTI, non-nucleoside reverse transcriptase inhibitors; VL, viral load.
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RPV VFs EFV VFs
Baseline VL Baseline VL Baseline VL Baseline VL
<100,000 copies/ml  >100,000 copies/ml ~All <100,000 copies/ml  >100,000 copies/ml All

V179D 0/19 (0) 0/48 (0) 0/67 (0) 0/11 (0) 117 (6) 1/28 (4)
Y188C 0/19 (0) 0/48 (0) 0/67 (0) 0/11 (0) 2/17 (12) 2/28 (7)
Y188H 0/19 (0) 0/48 (0) 0/67 (0) 0/11 (0) 117 (6) 1/28 (4)
G190E 0/19 (0) 0/48 (0) 0/67 (0) 0/11 (0) 117 (6) 1/28 (4)
P225H 0/19 (0) 0/48 (0) 0/67 (0) 0/11 (0) 117 (6) 1/28 (4)
K238T 0/19 (0) 0/48 (0) 0/67 (0) 0/11 (0) 117 (6) 1/28 (4)
Weeks 48-96¢

Any NNRTI RAMs 2/7 (29) 4/11 (36) 6/18 (33) 1/6 (17) 3/8 (38) 4/14 (29)
Any RPV RAMs 2/7 (29) 2/11 (18) 4/18 (22) 0/6 (0) 1/8 (13) 1114 (7)
E138K° 117 (14) 2/11 (18) 3/18(17)  0/6(0) 0/8 (0) 0/14 (0)
E138Q° 117 (14) 0/11 (0) 1/18 (6) 0/6 (0) 0/8 (0) 0/14 (0)
H221Y® 0/7 (0) 111 (9) 1/18 (6) 0/6 (0) 0/8 (0) 0/14 (0)
F227C? 0/7 (0) 111 (9) 1/18 (6) 0/6 (0) 0/8 (0) 0/14 (0)
Vool 1/7 (14) 0/11 (0) 1/18 (6) 0/6 (0) 0/8 (0) 0/14 (0)
K103N 0/7 (0) 111 (9) 1/18 (6) 116 (17) 2/8 (25) 3/14 (21)
V106l 0/7 (0) 111 (9) 1/18 (6) 0/6 (0) 0/8 (0) 0/14 (0)
V189l 0/7 (0) 1/11 (9) 1/18 (6) 0/6 (0) 0/8 (0) 0/14 (0)
G190E 0/7 (0) 111 (9) 1/18 (6) 0/6 (0) 0/8 (0) 0/14 (0)
K101E 0/7 (0) 0/11 (0) 0/18 (0) 0/6 (0) 1/8 (13) 1114 (7)
V108I 0/7 (0) 0/11 (0) 0/18 (0) 0/6 (0) 1/8 (13) 1114 (7)
Y188H 0/7 (0) 0/11 (0) 0/18 (0) 0/6 (0) 1/8 (13) 1114 (7)

proportion of RPV VFs had >2 NNRTI RAMs; a lim-
ited number of RPV VFs with RPV RAMs; and the
confirmation of the RPV resistance profile.

In the 96-week resistance analyses, the overall pro-
portion of VFs was higher with RPV (96/686, 14%)
versus EFV (52/682, 8%). However, in contrast with
the data observed during the first year (weeks 0-48;
RPV: 73/686, 11% versus EFV: 36/682, 5%), in the sec-
ond year the proportions of both RPV and EFV VFs
were lower and similar (RPV: 22/686, 3% and EFV:
16/682, 2%). Almost all the VFs observed during the
second year were rebounders.

In line with the data observed in the 48-week resist-
ance analyses [14], the 96-week resistance analyses
showed that the proportion of RPV (46/86, 53%)
and EFV (20/42, 48%) VFs with treatment-emergent
NNRTI RAMs were comparable, and that NRTI
RAMs emerged more frequently in RPV (48/86,
56%) than in EFV (11/42, 26%) VFs. The major-
ity of treatment-emergent NNRTI RAMs and NRTI
RAMs were observed during the first year of the tri-
als (overall and within each baseline VL subgroup)
probably because there were very few VFs during the
second year. The 96-week resistance analysis con-
firmed that lower baseline VL was associated with
fewer VFs and that the RPV resistance profile is inde-
pendent of the baseline VL [14]. The most frequent
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treatment-emergent NNRTI RAMs in RPV and EFV
VFs were E138K and K103N, respectively, during
both the first and the second year of the trials. The
96-week resistance analyses confirmed the pattern of
resistance to RPV described in the 48-week resistance
analyses [14] as no new RPV RAMs were observed
during the second year of the trials. In the 96 week
ECHO and THRIVE studies, RPV VFs without treat-
ment-emergent mutations or RPV VFs with NNRTI
RAMs that were not RPV RAMs (such as K103N,
V1061, V1791 or V1891) were observed. These VFs
retained susceptibility to RPV and ETR (Table 5)
[14,16]. These treatment failures may be attributed
to loss of sensitivity to the background regimen (for
those VFs with an NRTI RAM) or to episodes of
poor adherence to treatment [8].

The EFV resistance findings observed in ECHO/
THRIVE agreed with previous data [24] and the pat-
tern of resistance to EFV continued to be distinct from
that of RPV.

In the 96-week resistance analyses, E138K was
always found in combination with an NRTI RAM
in RPV VFs. The most common NRTI RAMs were
M1841 and M184V; both known to confer resistance
to 3TC and FTC [25,26]. As previously described in
the 48-week resistance analyses, the most common
combination of an NNRTI RAM with an NRTI RAM
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Table 5. Genotypic and phenotypic profiles of the RPV VFs occurring within weeks 48-96 and post week 96 by BL VL, at time of

failure
Background  Failure VL, Genotype HIV-1 FC in 50% effective concentration®
ID regimen copies/ml NNRTI RAM NRTI RAM subtype RPV EFV ETR NVP 3TC FIC TDF ABC AZT
Weeks 48-96 and
BL VL<100,000
copies/ml
1 TDF/FTC 84 V90l, E138K® M184l B 65 69 73 23 700 485 07 23 07
2¢ TDF/FTC 82 E138Q° M184l B 32 26 46 1.1 689 306 04 15 07
3 AZT[3TC 6,640 (vaol) (A62V) AE 20 24 23 27 06 08 05 06 1.0
4¢ TDF/FTC 3,880 - M184I/M B 19 12 09 05 NA 36 03 05 08
5 TDF/FTC 1,750 - - C 1.7 06 10 18 08 16 05 06 13
6° ABC/3TC 1,510 - - C 1.5 14 1.1 27 09 16 07 08 15
7 TDF/FTC 38,800 - - C 08 07 08 15 13 16 14 05 07
Weeks 48-96 and
BL VL>100,000
copies/ml
8¢ ABC/3TC 1,230 E138K% H221Y*  M184V B 109 81 7.7 7.8 937 485 08 26 08
9 TDF/FTC 524 K103N, V189l M184V C 26 142 06 61.1 306 353 02 06 0.7
10¢ TDF/FTC 12 - - B 23 23 15 23 09 1.1 08 1.0 11
1¢ TDF/FTC 3,940 - - B 1.4 10 1.1 07 04 05 04 02 15
12 AZT[3TC 1,060 (V90I), E138K", M184l B 14 16 25 07 375 156 02 1.0 06
(V1791), G190E/G,
F227C/F
13¢ AZT[3TC 8,560 - - B 14 12 12 08 08 1.2 07 07 05
14 TDF/FTC 68,300 - - C 1.4 11 12 07 14 20 08 0.7 07
15 TDF/FTC 772 V106! - B 1.3 1.3 16 20 08 05 04 04 11
16 AZT[3TC 24,600 - - B 1.3 1.1 09 25 09 09 07 05 13
17 TDF/FTC 133 (V1791) - B 1.0 07 14 09 09 1.2 08 04 10
18 TDF/FTC 97 (V1791) - B NA NA NA NA NA NA NA NA NA
Post week 96 and
BL VL<100,000
copies/ml
19 ABC/3TC 123 E138K° M184l, K219E B 105 26 56 07 349 348 01 19 08

“Fold change (FC) values in bold denote phenotypic resistance (that is, FC> biological/lower clinical cutoff; Antivirogram®); resistance-associated mutations (RAMs)
displayed in parenthesis were those present at baseline (BL)/screening (patients with the non-nucleoside reverse transcriptase inhibitor (NNRTI) RAMs V90I/V, V106l,
V1791 and V189I/V were allowed to enrol in the trials [15]. *Rilpivirine (RPV) RAMs. “Indicates that the patient M-MASRI adherence was reported <95%. ABC, abacavir;
AE, CRFO1_AE; AZT, zidovudine; EFV, efavirenz; ETR, etravirine; FTC, emtricitabine; NA, not available in the week 96 database; NRTI, nucleoside/nucleotide reverse
transcriptase inhibitor; NVP, nevirapine; TDF, tenofovir disoproxil fumarate; VF, virological failure; VL, viral load; 3TC, lamivudine.

in RPV VFs was E138K+M184I [14]. This combina-
tion of E138K+M1841 is more commonly found in
RPV VFs with baseline VL>500,000 copies/ml com-
pared with RPV VFs with baseline VL<100,000 cop-
ies/ml. This observation is in line with the previously
described lower virological success of RPV versus
EFV in this highest baseline VL category [8]. In the
second year of the trials, 3 of the 18 RPV VFs had
E138K, all 3 also had M1841 or M184V, of whom
2 (1 with M184I and 1 with M184V) were resist-
ant to RPV. We previously hypothesized that the high
frequency of M1841/V observed in VFs treated with
RPV and FTC, and its combination with E138K, sug-
gested a role for M184I in resistance to RPV. This
hypothesis was supported by HIV-1 site-directed
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mutant analyses and several other phenotypic assays
[14,16,27]. These in vitro assessments demonstrated
that the combination of E138K+M184I enhanced
resistance to RPV compared with E138K alone. No
consensus was reached on the effect of this combina-
tion of mutations on viral fitness as both a decrease
in replication fitness [27] and fitness compensation
[28,29] were described. Recently, it was demon-
strated that, in vitro, the E138K mutation decreased
rates of polymerization, impaired the HIV-1 ribo-
nuclease H activity, and conferred ETR resistance
through the p51 HIV-1 reverse transcriptase subu-
nit, while the combination E138K+M184I enhanced
dNTP usage via both HIV-1 reverse transcriptase
subunits [30]. Another in vitro study established
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that HIV-1 proviral mutants with M1841 and E138K
may pre-exist in reservoirs as a result of APOBEC3
editing [31]. Currently, E138K is not a commonly
observed NNRTI RAM. Its prevalence was reported
as <1% in three recent studies: one on US clinical
samples from a large HIV-1-infected patient popula-
tion [20], one on Spanish clinical samples from HIV-
1-infected patients who experienced VF on NNRTI-
based therapies [32] and one based on the data avail-
able in the Frankfurt Resistance Database [33]. The
low frequency of E138K in treatment-naive, HIV-
1-infected patients was also confirmed by ultra-deep
sequencing analyses of a pertinent selection of clini-
cal isolates from treatment-naive patients in which
E138K was not detected [34-36].

RPV VFs with phenotypic resistance to RPV had
evidence of cross-resistance to EFV, ETR and NVP.
These results are supported by recent data showing
the cross resistance to EFV, NVP, ETR and RPV of
an HIV-1 proviral clone containing the mutations
K101E, E138K and Y181C [37]. The high level of
cross-resistance observed in these trials between
ETR and RPV may be the result of both compounds
belonging to the DAPY class [38,39]. As in the
48-week resistance analyses, the number of RPV VFs
with phenotypic resistance to RPV, ETR or EFV was
lower in patients with baseline VL<100,000 versus
>100,000 copies/ml. Conversely, the EFV VFs with
phenotypic resistance to EFV or NVP were not resist-
ant to RPV and ETR [14]. Guidelines recommend
performing clinical resistance testing before start-
ing or switching treatments so that an appropriate
regimen can be selected for HIV-1-infected patients
[9,10,40].

Summarizing the 96-week resistance analyses,
there were more VFs in the RPV than in the EFV
group, mainly due to those occurring during the first
year (week 0-48) of the trials. In patients with base-
line VL<100,000 copies/ml, the proportions of VFs
were similar between treatments for both the first
and the second year of the trials. A similar propor-
tion of RPV and EFV VFs with treatment-emergent
NNRTI RAMs and more RPV than EFV VFs with
NRTI RAMs were observed. The majority of RAMs
were seen in never suppressed VFs during the first
year of the trials. Although higher baseline VL was
associated with a higher number of RPV VFs with
treatment-emergent NNRTI RAMs, the NNRTI
RAMs observed were the same in both baseline
VL subgroups. In RPV VFs, the combination of
E138K+M184I was the most common co-emergence
of an NNRTI RAM with an NRTI RAM. Overall, the
results of the 96-week resistance analyses extended
the 48-week resistance findings, and demonstrated
that few RPV RAMs emerged in the few VFs taking

Antiviral Therapy 18.8

RPV resistance in Phase Ill trials

place during the second year of the ECHO/THRIVE
trials. Nine of the 16 RPV RAMs (K101E, K101P,
E138K, E138Q, Y181C, Y1811, H221Y, F227C and
M230L) were identified as treatment-emergent in the
RPV VFs. All RPV RAMs were observed during the
first year of the trials, with no new ones identified
during the second year.

Acknowledgements

The authors are very grateful to the patients and their
families for their participation and support during the
trials, the ECHO and THRIVE study teams from Jans-
sen, the study centre staff and principal investigators
and the members of the Janssen rilpivirine team, in
particular David Anderson, Ralph DeMasi, Kati Van-
dermeulen, Peter Williams and Eric Wong for their
input. The trials were sponsored by Janssen Research
& Development. Editorial support was provided by
Jackie Phillipson of Gardiner-Caldwell Communica-
tions, Macclesfield, UK.

Data contained in this article were presented at the
19th Conference on Retroviruses and Opportunis-
tic Infections, 5-8 March 2012, Seattle, WA, USA.
Poster 708.

Disclosure statement

All authors are full-time employees of Janssen. The trials
were sponsored by Janssen. Editorial support was funded
by Janssen.

References

1. Janssen-Cilag US prescribing information for EDURANT®
(rilpivirine) tablets. (Updated December 2012. Accessed 20
February 2013.) Available from http://www.edurant.com/
sites/default/filess EDURANT-PL pdf

2. Janssen-Cilag EU summary of product characteristics for
EDURANT® (rilpivirine) tablets. (Updated December 2012.
Accessed 20 February 2013.) Available from http://www.
medicines.org.uk/EMC/medicine/25490/SPC/Edurant+25+
mg+tablets/#DOCREVISION

3. Gilead Sciences full prescribing information COMPLERA™
(emtricitabine/rilpivirine/tenofovir disoproxil fumarate)
tablets. (Updated January 2013. Accessed 20 February 2013.)
Available from http://www.gilead.com/pdf/complera_pi.pdf

4. Gilead Sciences EVIPLERA 200 mg/25 mg/245 mg film-
coated tablets summary of product characteristics. (Updated
December 2012. Accessed 20 February 2013.) Available
from http://www.medicines.org.uk/emc/medicine/25518/
SPC/

5. Cohen CJ, Molina JM, Cahn P, et al. Efficacy and safety
of rilpivirine (TMC278) versus efavirenz at 48 weeks in
treatment-naive, HIV-1-infected patients: pooled results from
the Phase 3 double-blind, randomized ECHO and THRIVE
trials. | Acquir Immune Defic Syndr 2012; 60:33-42.

6. Molina JM, Cahn P, Grinsztejn B, et al. Rilpivirine versus
efavirenz with tenofovir and emtricitabine in treatment-
naive adults infected with HIV-1 (ECHO): a Phase 3
randomised double-blind active-controlled trial. Lancet
2011; 378:238-246.

975



L Rimsky et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Cohen CJ, Andrade-Villanueva J, Clotet B, et al. Rilpivirine
versus efavirenz with two background nucleoside or
nucleotide reverse transcriptase inhibitors in treatment-

naive adults infected with HIV-1 (THRIVE): a Phase 3,
randomised, non-inferiority trial. Lancet 20115 378:229-237.

Cohen C, Molina JM, Cassetti L, et al. Week 96 efficacy and
safety of rilpivirine in treatment-naive, HIV-1 patients in
two Phase III randomized trials. AIDS 2013; 27:939-950.

DHHS guidelines: Panel on Antiretroviral Guidelines

for Adults and Adolescents. Guidelines for the use

of antiretroviral agents in HIV-1-infected adults and
adolescents. Department of Health and Human Services.
1-239. (Updated February 2013. Accessed 20 February
2013.) Available from http://aidsinfo.nih.gov/contentfiles/
lvguidelines/adultandadolescentgl.pdf

EACS guidelines: EACS European Guidelines for treatment
of HIV infected adults in Europe. Version 6.1. (Updated
November 2012. Accessed 20 February 2013.) Available
from http://www.europeanaidsclinicalsociety.org/images/
stories/EACS-Pdf/EacsGuidelines-v6.1-2edition.pdf

Li JZ, Paredes R, Ribaudo HJ. Low-frequency HIV-1
drug resistance mutations and risk of NNRTI-based

antiretroviral treatment failure: a systematic review and
pooled analysis. JAMA 2011; 305:1327-1335.

Ibe S, Sugiura W. Clinical significance of HIV reverse-
transcriptase inhibitor-resistance mutations. Future Microbiol
2011; 6:295-315.

Perno CF, Moyle G, Tsoukas C, et al. Overcoming resistance
to existing therapies in HIV-infected patients: the role of
new antiretroviral drugs. ] Med Virol 2008; 80:565-576.

Rimsky L, Vingerhoets J, Van Eygen V, et al. Genotypic
and phenotypic characterization of HIV-1 isolates
obtained from patients on rilpivirine therapy experiencing
virologic failures in the Phase 3 ECHO and THRIVE
studies: 48-week analysis. | Acquir Immune Defic Syndr
20125 59:39-46.

Vingerhoets J, Rimsky L, Van Eygen V, et al. Preexisting
mutations in the rilpivirine Phase III trials ECHO and
THRIVE: prevalence and impact on virologic response.
Antivir Ther 2012; 18:253-256.

Azijn H, Tirry 1, Vingerhoets ], et al. TMC278, a next-
generation nonnucleoside reverse transcriptase inhibitor
(NNRTI), active against wild-type and NNRTI-resistant
HIV-1. Antimicrob Agents Chemother 2010; 54:718-727.

Johnson VA, Calvez V, Giinthard HF, et al. 2011 update of
the drug resistance mutations in HIV-1. Top Antivir Med
2011; 19:156-164.

Tambuyzer L, Azijn H, Rimsky LT, et al. Compilation and
prevalence of mutations associated with resistance to non-
nucleoside reverse transcriptase inhibitors. Antivir Ther
2009; 14:103-109.

Haddad M, Napolitano L, Paquet A, et al. Mutation Y188L
of HIV-1 reverse transcriptase is strongly associated with
reduced susceptibility to rilpivirine. 19th Conference on
Retroviruses and Opportunistic Infections. 5-8 March
2012, Seattle, WA, USA. Abstract 695.

Picchio GR, Rimsky LT, Van Eygen V, et al. Prevalence
of rilpivirine resistance-associated mutations (RAMs)
in US samples received for routine resistance testing.
XIX International AIDS Conference. 22-27 July 2012,
Washington DC, USA. Abstract TUPE047.

Lennox JL, Dejesus E, Lazzarin A, et al. Safety and efficacy
of raltegravir-based versus efavirenz-based combination
therapy in treatment-naive patients with HIV-1 infection:
a multicentre, double-blind randomised controlled trial.
Lancet 2009; 374:796-806.

Molina JM, Andrade-Villanueva J, Echevarria J, et al.
Once-daily atazanavir/ritonavir compared with twice-daily
lopinavir/ritonavir, each in combination with tenofovir
and emtricitabine, for management of antiretroviral-naive
HIV-1-infected patients: 96-week efficacy and safety results
of the CASTLE study. ] Acquir Immune Defic Syndr 2010;
53:323-332.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Gonzilez-Garcia J, Cohen D, Johnson M, et al. Short
communication: comparable safety and efﬁcacy with once-
daily versus twice-daily dosing of lopinavir/ritonavir tablets
with emtricitabine + tenofovir DF in antiretroviral-naive,
HIV type 1-infected subjects: 96 week final results of the
randomized trial M05-730. AIDS Res Hum Retroviruses
2010; 26:841-845.

Bacheler LT, Antone ED, Kudish P, et al. Human
immunodeficiency virus type 1 mutations selected in
patients failing efavirenz combination therapy. Antimicrob
Agents Chemother 2000; 44:2475-2484.

Tisdale M, Kemp SD, Parry NR, et al. Rapid in vitro
selection of human immunodeficiency virus type 1 resistant
to 3’-thiacytidine inhibitors due to a mutation in the YMDD
region of reverse transcriptase. Proc Natl Acad Sci U S A
1993; 90:5653-5656.

Maserati R, De Silvestri A, Uglietti A, et al. Emerging
mutations at virological failure of HAART combinations
containing tenofovir and lamivudine or emtricitabine. AIDS
20105 24:1013-1018.

Kulkarni R, Babaoglu K, Lansdon EB, et al. The HIV-1
reverse transcriptase M 1841 mutation enhances the E128K-
associated resistance to rilpivirine and decreases viral
fitness. | Acquir Immune Defic Syndr 2012; 59:47-54.

Xu HT, Asahchop EL, Oliveira M, et al. Compensation by the
E138K mutation in HIV-1 reverse transcriptase for deficits in
viral replication capacity and enzyme processivity associated
with the M1841/V mutations. | Virol 2011; 85:11300-11308.

Hu Z, Kuritzkes DR. Interaction of reverse transcriptase (RT)
mutations conferring resistance to lamivudine and etravirine:
effects on fitness and RT activity of human immunodeficiency
virus type 1. J Virol 2011; 85:11309-11314.

Xu HT, Oliveira M, Quashie PK, et al. Subunit-selective
mutational analysis and tissue culture evaluations of the
interactions of the E138K and M184I mutations in HIV-1
reverse transcriptase. | Virol 2012; 86:8422-8431.

Fourati S, Malet I, Lambert S, et al. E138K and M 1841
mutations in HIV-1 reverse transcriptase coemerge as a
result of APOBEC3 editing in the absence of drug exposure.
AIDS 20125 26:1619-1624.

Anta L, Llibre JM, Poveda E, et al. Rilpivirine resistance
mutations in HIV patients failing non-nucleoside reverse
transcriptase inhibitor-based therapies. AIDS 2013;
27:81-8S.

Reinheimer C, Doerr HW, Stiirmer M. Prevalence of
TMC278 (rilpivirine) associated mutations in the Frankfurt
Resistance Database. | Clin Virol 2012; 53:248-250.

Van Eygen V, Thys K, Vingerhoets J, et al. Deep sequencing
analysis of r11p1v1rme virologic failures in the Phase III
studies ECHO and THRIVE shows no association with

the presence of minority resistance-associated variants at
baseline. International Workshop on HIV & Hepatitis Virus
Drug Resistance and Curative Strategies. 5-9 June 2012,
Sitges, Barcelona, Spain. Abstract 27.

Rimsky L, Van Eygen V, Vingerhoets ], et al. Similar
prevalence of baseline HIV-1 minority variants among
responders and virologic failures, as well as increased
detection of HIV-1 minority variants at treatment-failure,
in rilpivirine patients from the ECHO and THRIVE Phase
III studies. XIX International AIDS Conference. 22-27 July
2012, Washington DC, USA. Abstract TUAB0302.

Nicot F, Salioua A, Raymond S. Minority variants associated
with resistance to HIV-1 nonnucleoside reverse transcriptase
inhibitors during primary infection. | Clin Virol 2012;
55:107-113.

Balamane M, Varghesea V, George L, et al. Panel of
prototypical recombinant infectious molecular clones
resistant to nevirapine, efavirenz, etravirine, and rilpivirine.
Antimicrob Agents Chemother 2012; 56:4522-4524.

Janssen PA]J, Lewi P], Arnold E, et al. In search of a

novel anti-HIV drug: multidisciplinary coordination

in the discovery of 4-[[4-[[4-[(1E)-2-cyanoetenyl]-2-6-
dimethylphenyl]amino]-2-pyrimidinyl]amino]-benzonitrile
(R278474, Rilpivirine). ] Med Chem 2005; 48:1901-1909.

©2013 International Medical Press



RPV resistance in Phase Ill trials

39. Lansdon EB, Brendza KM, Hung M, et al. Crystal 40. Thompson MA, Aberg ], Hoy ], et al. Antiretroviral
structures of HIV-1 reverse transcriptase with etravirine treatment of adult HIV infection: 2012 recommendations of

(TMC125) and rilpivirine (TMC278): implications for drug the International Antiviral Society—USA Panel. JAMA 2012;
design. | Med Chem 2010; 53:4295-4299. 308:387-402.

Accepted 24 March 2013; published online 28 May 2013

Antiviral Therapy 18.8 977



