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With the approval in 2007 of the fist integrase inhibitor (IN1 ), raltegravir, dinicians became better able to suppres virus
replication in patients infected with human immunodeficiency virus type 1 {HIV-1) who were harboring many of the most
highly dneg-resistant viruses. Raltegravir abo prwvided cinicians with additional options for first-line therapy amd for the
simplifiation of regimens in patients with stable vimlogical ssppresion. Two additional INIs in sdvanced clindcal
develrpment—elvitegravir and 5/GSK1 39572 —may prive equally vermtile. However, the INIs have a relatively krw genetic
barrier to resistance in that | or 2 mutations are capable of causng marked reductions in susceptibility to ral tegravir amd

elvitegravit, the most wellstudied INIx This perspective reviews the genetic mech

of INI resstance and their

implications for initial INI therapy, the trextment of antiretroviral-experienced patients, and regimen simplifica tion.

Although the em of highly active anti-
rariviral (ARV) thempy began in 1994,
it was nat umtil 2 decade later, with the
licensing of 4 new ARVs helonging o
4 ARV chse, that it became possible
to fully suppress HIV-1 replication
in 2 high proportion of the most
heavily treated HIV-inkected individim b
Damumavir, the protease inhibator {PI)
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with the highest genetic barrier to 1e-
mistance, and maraviroc, the it OCRS
inhibitor, were approved in 2006, Ral-
tegravir {RAL; Merck Labomtories),
the himst integrase inhibitor {INI), was
approved in 2007, and emvirine, the
first nom-nucleoside reverse tramscriptase
inthibitor | NMETI) shemwm to be useful for
ireating patients in whom  previous
NMRTIs were inefectve, was approved
in 2008 O these 4 new ARV, the de-
velopment of RAL may have had the
greatest eflect on current ARV treatment
strategies.

RAL however, may not be umigue
among TMls. Two other TNIs in advanoed
clinical development—dvitegravr [EV(;
Gilead Sciences) and  S/GSK1349572
[GlonSmithEline }—may be equally «f
ficacious. However, resisbnee to RAL
and EVG; devebyps rapidly in vitro and,
in the ahsene of ather active ARVs, in
vivie Although S/G5K1349572, which is
earlier in its dinial develypment than
EV(3, appears to have a higher genetic
lamer to resistanee than BAL or EVQ,
its efficacy at treating RAL-resistant vi-
mumes is noomplete. Understanding [NT

resisince is thereore critical to use of
[MIs foer dmitial therapy, the treatment aof
ARV-axperienced patients, and regimen
simplification.

INTEGRASE STRUCTURE
AND FUNCTION AND
INHIBEITOR DISCOVERY

Follvwing reverse tramscription, in-
tegrase (IN) cleaves the comserved di-
nuceotides GT from the 3 ends of
double-stranded HIV-1 DNA, leaving
2 CA overhangs (the 3'-prcessing
rexction). T remains bound to sach of
the 3' ends, cimulariring the HIV-1
preintegration complex {PIC L TN then
hinds the host protein, lens epithelial-
derived growth factor (LED{GF),
which transkwcates the PIC to the nu-
cleus, where IN ctalyres 2 nudkeo-
philic attack of the viml 3" -hydroxy
ends on the phosphodiester bonds of
host genomic DMNA  (the strand-
transfer reachon). Although IN cata-
lymes both the 3 -processing and
stand-Aransfer reactions, only thase
compounds that spechically inhibit
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strand transfer have been effective
IMIs. Indeed, the develpment of
a high-throughput screening assay for
the identification of strand-transfer
inhibitors that bind IN in mmplex with
viral A heralded the modern em of
NI development [1].

HIV-1 IM contains 288 amino acids
encodeal by the 3 end of the HIV-1 pal
gene. It is composed of 3 functional
domains. The atalytic core domain
(20D, which encom passes aming acids
51 to 212, contains the G.uJ}'ti: triad
D, D1 16, and E152 and the virl DNA
hinding site. Déd amd D116 coondimie
the positioning of 2 metallic cationic
cofador Ih'[g" or Mn" "), which =
essential for TN function. The N-terminal
domain [NTD), which encompasses
aming acids 1 4 50, & charaderxal I‘rp
an HHOC snc-hinding motf. Its pri-
mary mle appears to be to boilitate TN
multimerzation through its extensive
comtads with adjacent OCD monomers.
The C-terminal domain (CTD), which
encompasses aming acids 213 to 288,
hinds host DMA nonspecifucally.

There are published crystal structumes
of the HIV-1 IN OCD phs OTD do-
mains, the CCD pls NTD domains, the
CCD bound to LEDGF, and the OCD
bound to an active site inhibior, the
prototype diketo acid inhibiwr SCITEP
[ reviewerd i [2—4|'.=u Figure 1). But the
e ative conformation of the GO0, NTD,
and CTD domains and the tetmmeric
state of fundional HIV-1 IN has ben
interred primarily from orystallgrphic
studies of the homalogous IN of the
prototype foamy vimus (FFV) [5). The
applicahility of the PPV IN structure o
HIV-1 IN is validated by the consisency
of the PFV IM structure with HIV-1 IN
bichemical data and by the ahility of
FFV IN i co-cnystllize with RAL and
EVG [5-6].

HIV-1 IM inhibitoms are structurally
diverse maolecules that contzin 2 motif
for hinding the emential divalent metal
cations Mg" " or Mn" " and a hydm-
phobic region for binding within the
cavity formel by integrase and the 3°

HIV-1 DNA ends containing the termi-
nal CA dinucleotide. RAL, EVG, and
RGEE1349572 disphee viml DMA in
the active site and contad several ac
tive site aming acids—ind wding those in
a mohile loop exdtending between posi-
tioms 140 znd 149 [2-4].

INTEGRASE INHIBITOR
RESISTANCE

The principles of INI resistance parllel
thase of nucleoside reverse tramscriptase
inhibitor (NRTI), NMETL, and PI re
sistanee: | 1) NI resistance is ca.u.-aﬂd.h}-
primary mutations that reduce INT sus-
ceptibility in combination with second-
ary mutations that further decrease virus
susceptibility andfor compensate ki the
deceased finess amociztel with the
primary mutations; {2 there is 2 genetic
armer to Ml resistance, defmed h}-
the number of mutations required for
the loss of climical INT activity; and (3)
there is extensive but inmmplete cross-
resistance among the [Nls

Mutations Aszociated With INI

Res gtance

Tahle 1 summarizes data on ¥ mut-
tions at 26 INI positions derveal from
{1) n vitm pasmage experiments in the
presence of RAL [9-10), EVG [7-9], or
572 []]|'. {2} m vive data on mubtions
that emearged n ndividuals Tecaving
RAL [12-19]) or EVG [20); and (3) in
vitro susceptibility data of site-directed
mutants and climical HIV-1 isolates to
RAL, EV(, and 5/GSK 1349572 [7-11,
18, 21-23]. Mineten mutations at 10
pwibmns (T&EIAK, B2V, FI21Y,
Y143RCH, Pl455 OQ146P, 51470,
(}48HEE, VIS1AL, and M155HS) re
duce susceptibility to either RAL or EVG
by 5kl or higher. Seven of these 19
murtxtions [E92V, F121Y, P1455, (146P,
V151AL, and M1555), however, have not
bheen reportal i published sequences
from patients recaving RAL or EV(.
Twenty mutations 2t 16 additional po-
siions are wremory mutations that
contribute to INT resistance only in the

presence of primary INI resistance mu-
tations. Gl405AC | =E138EA)  and
TATA are particularly important acces-
sory mutations hecause of the markal
contribution these mubtons make to
IMI resistance and wviral fitness in HIV-1
strains antzining Q148 [24-26] and
¥143 [18, 21] muttions, nespectivey.

With the exception of ome r=pott of
transmitted NI resistance [27], fewer
than 1% of INI-naive ndividuals har-
ot viruses with primary [NT resistance
mutations [28-23]. As 2 comollary, nat-
urally ooourring resisance to RAL and
the ather INIs in advanced clinical de-
veopment is currenty strent Although
secomidary INT resistance mutations oc-
cur in IMI-nazive patients, these muta-
tom  do not  interfere  with  the
vimbgical response to RAL contzining
regimens [2, 29-30). Table 1 does not
shaww highly polymorphic mutations that
have heen only weakly assodated with
IMI sdedive drug pressure or deremsed
susceptibility such as V72, T1244,
M IS4IL, E156M, V1651, V2011, 12036,
T2085, and D23IM (reviewed in [28,
N

Tahle 2 shows the most commom
patterns of INI resistane mutations in
published HIV-1 IN sequencs from
individuzls Teceiving RAL [32]. Among
192 virl isolates from 105 RAL treated
indmiduals, 121 viruses contrined -
tations belmging o one of the 3 most
commonly  reported  RAL-resistance
mutation pathways (1) (Q148HRK =
GlA08A (n — 58], (2) N155H = E92(}
{m=3R), and (3) Y143CR = T A (n =
25). The remaining 71 viruses from 44
individuals included 50 wviruses without
primary INI resistance muetztons, 18
virmses with mutations  belonging to
maore than one of the 3 most common
mutational pathways, and 3 with pri-
mary mutations not belonging o any of
the 3 common mubtional pathways.
Diespite the fact that one mutation such
as ¥ 43R, (N48HEKR, or N155H i often
sufficient to meduce RAL susceptibility
maone than 10-kkl—particubrly i si-
te-directal mubgenssis expediments—
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Figure 1.

HIN-1 intagrase (IN] inhibitor resistance mutations superimposed on a crystal structure of the IN central core domain bound 1o a prototype

diketo acid inhibitor (SCITEP; FDB 10:54) [54] IN residues 58 1o 165 are displayed in gray cartoon mode 1o represent secondary stnetual properties.
SCITEP is represantad using cyan spheres. Active site residues D64, D116, and D152 are in white. Sites assoeiated with tha most commonly aotuning
primary mutations are in red (TES, E92, G140, 5147, 0148 and N155). Sites associated with the moest commaon accessory mutations (L74, T97, E138,
V151, 5153, and S163] and with primary mutations that have baen observed solely in vitrn (F121, 0145 and P146] are in vellow. Mg* ™ is a blue
sghera. Racidues 141 to 144, which form part of the highly molile lop extanding batween G140 and G149, ware not rasehved in this erystal structure.

most HAL-resistant  viroses obtained
from RAL-treated patients have 2 or
more RAL resistance mutations,

Moaost published INI susceptibility da-
ta have been produced by Monogram's
PhenoSense assay, Virco's Antivirogram
assay, and various permutations of He-
La-CD4™ reporter gene assays, Although
these assays frequently yield divergent
results, the relative reductions in sus-
ceptibility associated with different mu-
tation patterns is consistent among the
different assays,

(148 is a aritical part of the [N adive
site believed to interact with the terminal
adenosine  and  preterminal  cytosine
of the reactive wiral DMA strand.
QI48HRK decreases susceptibility to
each of the INIs but also markedly de-
creases IN function, The repliation de-
fect assodated with O 148HER, however,
is largdy reversed by mutations at po-
sition 140 and, to a lesser extent, at po-
sition 138 [21, 24]. In dinical isolates,
viruses with Q148 plus G140 mutations

have =150-fold reduced susceptihility to
RAL and EVG and up to 10- to 20-fold
reduced susceptibility to S/GSK1349572
particularly when a third INI resistance
mutation is also present (Table 2},

The second-most common pathway to
RAL resistance inchides N155H. N155H
lies at the base of the atalytic site, where
it may form a hydrogen bond with the
active site residue E152 and directly
interfere with IN metal binding [2].
MI55H reduces susceptibility to RAL
and EVG but not S/GSK1349572
N155H aone deaeses rephication ca-
padty less than that of viruses with (148
mutations done, The addibon of E920)
to M155H further decweases RAL and
EVG susceptbility bat does not rescue
viral fitness [21]. Therefom, virnses with
NI155H £ E%92() arc oftn outcompeted
by viruses with G140 + Q148 mutations
[21, 24].

Y143RC is the third-most common
pathway to RAL resistance. When RAL
binds IN, it stacking

induces  a

interaction with Y143 [5, 34]. Suob-
stitution of ¥ with C or R removes this
favorable interaction. SAGSK1349572
and EVG do not appear to contact Y143,
and viral susceptibility to these INIs is
not affected by Y143 mutations (Table
2). T97A markedly increases YI3RC-
mediated RAL resistance [1B, 21].
¥143H usually occurs as part of an
electrophoretic mixture and may repre-
sent a transition between Y and R (TAC/
T[Y] == CACT [H] == CGCIT[R]).

The Genetic Barrier to INI Resistance

The genetic barrier to INI resistance is
lower than that of the Pl and mos
NRTIs. First, INI resistance is usually se-
lected more rapidly durng in vitro pas-
sape experiments with Nk than with
most NRTk and Pl [ 7-10]. Second, wi-
rological falure on an [Nlcontaining
regimen often occurs within the firg
several months of therapy and is often
accompanied by INI resistance mutations
[12, 19, 35]. In Mad: Protooo] 005, 35 of
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Table 1. Integrase Inhibitor (INI) Resistance Mutations: Prevalence in INl-Naive and Raltegravir-Treated Individuals and Estimated
Effect on Susceptibility to Raltegravir (RAL), Eld tegravir (EVGL and 5/G5K1349572 (572)

Wild Type
[Comsensus Maive® RAL Rx* RAL EVG 572 In vitro and
Subtype B|* Position® Mutation® (% p= 4,435) (% = 105) Fold' Fold" Fold" In vivo Selection Data®
Primary RAL and/or EVG INI Resistance Mutations Obsened In vivo
T 66 | a a 1 15 1 In witra and in wivo by EVG |2, 7-8].
A | 1.8 1 10 1 In witro and in wivo by EVG [2, 9]
and rarely by RAL |2, 35].
K a a il] a0 2 In witro and i wivo by EVG (2, 9]
E az L (i 85 5 30 2 In witro and in wivo by RAL and EVG
12, 12-14].
Y 143 c a 48 4 i i In witro and i wivo by RAL [12, 14-16,
19]. ¥143H usually occurs as part of
a mixture with Y143RC.
R a 12 20 1 1
H 24 2 1 1
5 147 G 1 a i 8 NA In witro and i vivo by EVG [2, 71
(0] 148 H a 35 20 [:] 11 Im witro and i wivo by RAL and EVG
12, 8, 12, 1416, 19]
R a 14 20 wo 1f
K 0 a8 40 70 17
N 155 H a 46 20 40 1 In witro and i wivo by RAL and EVG

2. 121§, 18]
Primary RAL andfor EUG INI Resistance Mutanions Ohssrved Solely In vitro

E a2 W a Li] 3 20 4 In witro by EVG and GS-9160 19, 221
F 121 ¥ a [i] 5 10 1 In witro by RAL and EVG [7, 9]
B 145 5 a Li] ] =150 1 In witro by EVG 19].
a 146 P a a a NA In witra by EVG [7].
v 151 A i 0 5 b MNA In witro by GE-8160 [22].
L | 8 8 30 4 I witro by LER0,812 |9]. Reported in
one patient recaning RAL [16]
M 155 5 (i} 0 10 40 1 In witro by 5-1360 [9]
Accessory RALEVSG Reastance Mutations
H 51 ¥ a 29 3 4 NA In witro and in wivo by EVG 12, 7] and in
vivo oy RAL [18]
54 1 B 1.0 1 1 MNA In witro by RAL [10]
I 68 W B 1] 1 1 NA In viva by EVG [2].
L 74 M 25 10 1 1 1 In wiva by RAL usually with M155H
12, 14-15].
a a5 K < 1.8 ] i NA In witro by EVG and RAL [2, 71
T a7 A 22 17 1 1 NA In wiva by RAL usually with ¥143
mutations [13, 16, 18, 211
H 114 Y a a i 4 NA In witro by EVG (8]
T 125 K a a 1 1 NA In witro by L-870,812 18]
A 123 T B 10 1 1 NA In witro by RAL and EVG |8, 101.
E 138 K 0.1 1.8 1 1 1 Im witro and in vivo by RAL and EVG
A a 38 1 1 1 usually with 0148 mutations [2, 35]
G 140 5 : 36 1 1 1 In vitro and in vivo with O148HR in
A a 24 5 5 3 patients receving RAL (12, 14-18,
' - . 19, 35] and EVG [2]. G140AC
c a o is a less wel-studied variant in
this position 18, 22].
') 151 | 249 16 1 1 1 In witro and in wivo by RAL 18, 14,
19, 48], In vitro by EVG [9].
163 ¥ a 0 1 3 2.5 Inwitro by EVG 121
E 157 a 20 24 26 25 MNA  Invitro by EVG [7] and ranely in
wvio by RAL [13].
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Table 1. (Comtrmuad

Wild Type
[Corsensus MNaive* RAL Rx* RAL EVG 572 In vitro and
Subtype B|* Position* Mutetion® (% m= 4,435) (%; p= 105) Fold Fold" Fold’ In vivo Selection Data’
G 163 R 5 EX: 1 MA  Invivo by RAL [12, 35].
K A 23 NA HA NA
5 230 R A EE] 1 MA In vitro by RAL and EVG [8].
R 263 K A 19 1 5 NA In vitro by EVG 2]

NOTE. *Drect PCR sequences of HN-T group M plasma vinses from 4,435 INnave mdvduats (23], The RALRx % i the no. of miens with a vius
Sequenos conlaning a mutation dvided by the number of AAL-rested psents (n = 105) ebined fom 12 publshed refesnces i the Stardard HIV Deug
Resstanne Database [32]. Affwough Sevansl RAL-trasted mdviduals had muftiphe sepuenoss, no mutaion was ocounied moe than onoe pe’ fdiadual i viko
suscepthdty n e ahsanos of ofes [Nl esstance mutations. Mast data were deswved fram sie-deectad mutants. When data were svalable from muftyis
Sudes o dewesmned usng multighe assay= fe fod resstanoe appioemates the medsaan of the multple Sl 'S-I'iﬁl, L-E7Q812, and GS-NED as
nvestgational [N, Yaaedirected mutas with 01484, 01487, or 048K d ot decrasse 572 susceptiality. Howey e, vaises having ane of thess muatons in
camibinaion wih E138K andfor G1405 may have up © 10- to 20-fdd decressed 572 susceptility |11, 33]

38 subjects with virological filure de-
vdoped RAL-resistant viruses [35], and
in the BENCHMRE trials 64 of 94 with
virological failire who underwent geno-
typic resistance testing had RAL-redstant
viruses [12], Likewis, a high proportion
of subjects who developed virological
failure while receiving EVG in the phase
Il trial GS8-153-105 developed EVG-
resistant viruses [2]. Third, the sub-
stimmtion of RAL for lopinavir/ritonavir

(LPV/r} in the SWITCHMREK trial in
paticnts with stably suppressed HIV-1
infection was asociated with an in-
creased risk of virological rebound [36].
Fourth, although RAL resistance muta-
tons have been associated with deaeased
replication capacity [25-26], no clinical
benefit has been observed fmm continu-
ing RAL in patients with high-leve RAL
resistanoe [37], presumably beaose most
primary RAL resistance mutations ocoour

in combination with accessory compen-
satory mutations [24-26].

The genetic barrier to INI resistance,
however, may not be as low as that
the
NMNRTIs nevirapine and cfavirnz In
contrast to the NNETIs, RAL has
been highly effective at treating ARV-
experienced individuals with few thera-
peutic options. In the BENCHMRE
trials, RAL-containing regimens often

of lamivudine, emtrcitabine, or

Table . Phenotypic Susceptibility Data Associated With the Most Common INI Resistance Mutation Patterns Present in 152 Virus

Isolates From 105 Patients

No. of Unique Viruses'

Puhblished In vitro Susceptibility Data*

Primary Without ary With ary
Mutations® mutations mutations Raltegrawir Elvitegrawir S5/GSK1345572
148H + 1405 26 18 =150 (2, 9, 11, 21-23] =>15012 9, 11,22-23] ain]
148R + 1405 5 0 =16018, 11, 21, 23] =150 8, 23] B81i1]
148R + 140A 2 1 =150 [21, 23] =150 123] NA
148R ] 0 10 1o 50 18-8, 11, 21] 90 to 150 [8-8, 1] 1111]
148K 1 (il 25 to 40 12, 9-11, 21] 80 j2, 8-11] 1011]
Totals 38 8
155H 1 24 10 to 30 [8-11, 21-22] 2010 5012, 811, 27 1111]
155H + 920 2 80 to 150 [11, 21] 12510 150 12, 11] 3111]
Totals 12 26
143R 7 1 1510 20 [11, 21] 2 111l 1111]
143R + 97A 2 7 =150121] N& NA
143C + 97A 2 4 =150 [18, 21] MA NA
i43C o 2 Jto4 11, 21] 15111] 1111]
Totals 11 14

NOTE. The wia Sequences  1his tahle were obtaned Fom 12 publshed sfaences @ the Stanloat HV Drug Resstanos Datatese [ 32]

"G1405A and TITA are i ths odurmn because of ther Stong assocation with 0148 and Y143 mutatons, mspecively. Ao sory mutalons sicude the

mutatons @ e seoond hal of Tabie 1 fexoest G1A0SA and TETA. Vinses with prmany mutatons Belngeg B mode than ane patiway a® mot shown. The
totais of these 2 columne consist of 121 vi;susas comtaning one of e 3 mast common raftegraviea ssocated mutational patiesns . "in o susceptibiity dats
abtned usng the PhenoSenss ascey. the Antneragram, of one of the gensnc HelsCDA" reporer gens asesy vadants. Vinses contsning G140 + Q148
mutations may have ug 10- to 20-fold decsased SGEK1349672 susceptifility when a thind 1N ressstance mutaton & present |11, 33].
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Table 3. Inmegrase Inhibitor Clinical Trals and Associated Drug Resistance Data

Virological Dutcome and INI

Trial Type Clinical Trial® Trial Design’ Resistance
Imitiz! ARV Tharany Protocol 004 [35] Phasa || randomized biindsd At 2 4, and B wealcs, gl RAL
dose-ranging trial of RAL (100, tragtment arms had a mors rapid
200, 400, or 600 mg] BID + plasma HV-1 BNA dacreass than
TDR2TC ws. ERY + TDR3TC the EFV am. At wesk 48, B4%
of both arms had plasma HIV-
RMNA levek <50 copies/mlL.
STARTMRK [38] Phasa |ll randomized biinded trial Both arma had similar virol ogical

Regimen Smpification

Protoool GS-236-074 W1]

SPRING-1 1421

SPARTAN [43]

PROGRESS [44]

EAZIER [45]

SWITCHMREK 1 and 2 [36]

SPIRAL [48]

ODIS [47]

of RAL + TDF/FTC [n= 281) vs.
EFV + TDFRFTC [m= 282]

Phase || andomized binded trial
of EVG + the novel pharmaoo-
Wanstic enhancer cobicistat +
TORFTC {"OUAD” n= 48] vs.
EFY + TDRFTIC [m= 23]

Phasa || mndomized bindad
dose-ranging trial of 572 (10,
25, or 50 mg) QD (= 155) ws.
EFV (= 50] in combination
with TDFFTC or abacavirf3TC

Filot randomized apen-label study
of RAL + ATV 300 mg BID
|m= &3] vs. ATW/r + TDFFTC
O [m= 31]

Phasa |ll randomized biindad
study of RAL + LPVifr (n= 101}
vs. TDR/FTC + LPVir BID
Ir = 105]

Phazse |ll randomized opandabel
trizl of RAL v continued enfu-
virtide in subjects with plasma
HIV-1 RNA levels <400 copiesf
mL for =3 months

Phasa |ll randomized biinded trial
of RAL (= 353] vs. continued
LPW#r (m= 354] in subjects with
plasma HW-1 RNA lavals 5]
oopies/mL for =3 months

Phase |V 48-week randomzed
opsndabel trial of RAL 400 vs.
continued RTV-boosted Pl in
subjects with plasma HIV-1
BNA levels <50 copiesfml far
=6 months

Filot ope n-label randomized trial of
RAL 800 mg QD (n= 177] va
RAL 400 mg BID (n= 35] as
a substitute for comtinued RTW-
boosted Pl in subjects with
plasma HW-1 RNA levels <50
copies/ml for =6 maonths

efficacy. Among 84 patients
with \F defined as confimead
plasma HIV-1 RNA levels =50
copiesiml, 12 of 38 RAL recip-
ents ve. 9 of 45 EFV recipients
had plasma HIW-1 RNA levels
high enough for genotypic
resistance testing. Four of 12
RAL recipients and &5 of 9 EFY
recipients had INI and NMRTI
resistance, respactivaly [40],
At wesk 48, 80% of EVG
["QUAD") vs. B3% of EFV
recipients had plasma HIV1
RMA levals <50 copies/ml.

At 24 weeaks, >80% of subjects
i each of the 3 572 arms had
plasma HIV-1 RNA levels <50
copiasml.

Five of 6 RAL-treated subjects
with W and plasma HIV-1 RNA
levels =400 copies/mL devel
opad RAL resistance.

One of 4 RALtreatad subjects
with W and plasma HN-1 RNA
levals =400 copies/mL devel
oped RAL resistance.

At wesk 24, BB% of subjects in
both ams had plaama HV-1
RMA levels <250 copiasfmL. INI
rasistance mutabions emengsd
n 3 of 38 subjects with loweizvel
wiramia [defined a= pesma HIV-1
RMA levels 1,000 copiesfmLl.

At wesk 24, 84 4% of subjeds
recaiving RAL vs. B0.6%
receiving LT maintained
plasma HIV-T RNA levels =50
copiesml. Eight of 17 RAL-
traated subjects with WVF and
plasma HIV-T BNA levels =400
copiesml dewelonsd RAL ra-
sistance mutations.

At wesk 48, 89.2% of subjeds
raceiving RAL vs. BE.6%
raceiing continued BT
boastad Pl maintaned plasma
HIVT RMA levels <50 copies/
mL. Wesek 48 RAL resistance
data were not dascribad.

At wesk 24, 6.4% of thosa
recaiving RAL OD vs. 2.9% of
thosa recaiving RAL BID
|P = .2 had virological faiure.
All but one virological failure
occurad in patients with a his
tary of prior NRT] resistance.
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Table 3. | Contimieal)

Trial Type

Clinical Trial*

Trial Design’

Virological Outcome and INI
Resistance

Late-Stage Therapy: [Nl Naiva

Late-Stage Themapy: NI
Expearisncad

Protoonl 005 [48]

BENCHMREEK 1 z2nd 2 [12]

ANRS 133 TRIO [49]

Protoool GS-183-106 [20]

VIKING 23]

Phasa |l biinded dose-ranging trial
of RAL 200, 400, or 600 mg BID
+ OBR |p= 133) vs. placsba +
OER {n= 45)

Phasa ||| mndomized biinded trials
of RAL (r= 467 vs. plaosbo
Im= 267) + OBR in subjacts
with 3class resistant virus

Phase || oper-label trial of RAL +
DRV + etravirine + OBR in
sunjects with 3-class resistant
virus {m= 103]

Phase lIb randomzed dosa-
ranging trial of BTV [1 00 mgl-
boostad EVG 20, 50, or 125
mgl QD + OBR (n= 205] v
RTW-boosted PI + OBR
= 73]. Adding DRV or TPV to
EVG/rwas parmmitted later in the
trial and usad after weak 16.

Phase || single-arm study of 572
50 mg Q0 as RAL replacement =
10 days foliowed oy 572 50 mg +
OBR % 23 weeks [m= Z7]. The
initial primary end point was

a plasma HIV-1 RMA decrease =7
logs by day 11.

At 24 wesks, the maan plasma
HINCT RMA decrease was =1.8
log copies/ml in sach of the
RAL regpients vs. .35 log cop-
ies/mL in the placebo recip
ents. Aimong 38 RAL recipients

ith WF, 35 had RAL resistance
138].

At wesk 16, 52'% of RAL redni
ents vs. 35% of placabo recip-
ents had plasma HIV-1 RNA
levels <50 coniesimL. Sichye
four of 84 subjects with VF had
RAL resistance to IN mutations
&t positions 143, 148, or 155
usually in combination with ana
or more accassory IM| resis-
tance mutations.

Atweek 48, B6% had plasma
HIW1 RMNA levels <50 copies/
mL. The 14 subjects with VF
genarally had low-level viremia
[median plasma HIV-1 RNA
lzvals of 80 copies/mLl; nons
fad INI resistance mutations.
=01

The EVWG 20 mg arm was
discontinued at wesk 8. The
125 mg EVG dozage regiman
produced a signficantly graater
daoraass inplaama HIV-1 RNA
lzwals thanthe comparator BTW-
boostad Pl am. However,
plasma HIV-1 RMA levels <50
copies'mL occumad mainky in
those EVG recipiants who aiso
recenved enfuvitide or subse-
quently added TPV or DRV, EVG
resistance ocoumed commanty
amang EVG recipients with VF.

In the 18 subjects with viruses
having mutations balonging to
tha Ni156H or Y143 pathways,
the mean plasma HIVT BNA
decrease byday 11 was 1 Blog
copiesiml. Three of § subjects
with O148H + G1405 had an
RMA dacreass = 7 logs by day
11. Nona of 4 subjects with
a 0148 mutstion plus =2 add-
tional mutations at positions 74,
138, and 140 had an RMA
daoease =7 logs.

NOTE. RAL, sRagevr, EVG, ehitegrawer; 572, SGSK1349672, TOF, tenchovi. JTC, amaeuding, FTC, eminctabene; EPY, efavirens; ATV, fmonder; ATV,
atuzmnaar, TPV, tigranas, DRV, darunaws LPVE, lopnaarfitonaer, ARV, antimtrowrsl, BID, twoe daly; INL niegrase irhibios, NAT), nuceoside neyerss
transorigtas e inhibetar; NNATL nonnucieoside reverse iranscriplase nhibitor; OBA, optimered backgound regmen; PLL protesse mhibitor; 0D, once dady; WF,

wrological rfsine.

SChnical trak am orderad socording to ther year of publication. TReteagrer dossge was 400 myg wice dely unbess athenwss speciad. Other regimens and

antaretrovia E werne used at standend dossges unlecs othanwvess spacied.

produced complete virological suppres-
sion despite the absence of other highly
active ARVs [12]. In addition, most

patients  with  low-levdd  virological

rebound while receving RAL do not
develop INI resistance mutations, For
example, none of the 14 subjects in the
ANES 139 TRIO wial with virological

rebound  developed INI  resistance
mutations [3]] (Table 3). It has also
been extremely difficult to select for

S/GSK13449572  resistance in witro,
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suggesting that this INI has a higher
genetic barrier to resistance than RAL or
EVG [11].

IMI Cross-Resistance

The 2 most commonly occurring RA-
L-associated  mutation  pathways—
QI4EHRE + GI405AC and N155H =
E920—bhoth cause high-levd EVG re-
sistance. In contrast, the third RAL-
assodated mutation pathway, Y 143CR =
To7A, does not confer ENVG  ooss-
resistance. Similarly, the common EVG-
assodated Teil
[89] and 5147G [2, 7] do not mnfer
RAL ooss-redstance. S/GSK1349572 is
fully active in vitro against viruses with
NI155H = F92Q or YI43CR += T97A.
However, susceptibility to SAGSK 1349572
is reduced by about 10- o 20-fold by
mutations at podtions QMEHRK =
GI40SAC + E138KA [11, 33].

redstance  mutations

CLINICAL IMPLICATIONS OF
INTEGRASE INHIBITOR
RESISTANCE

RAL was frst approved because of
its effectivencss in the treatment of 3-
and 4-class expericnced HIV-infected
individuals. It was suhsequently ap-
proved for first-line therapy because of
the noninferiority of tenofovir (TDF} +
emtricitahine (FTC) + RAL compared
with the standard-of-care first-line regi-
mem TDF + FIC + efavirenz (EFV).
RAL has since found a third role as
a wdl-tolerated substitute for enfuviride
or ritonavir-boosted Pls in patients with
stable virological suppression ('regimen
simplification’).

The novd stage at which INIs blodc
HIV-1 replication has prompted in-
tensfication studics designed to eradicate
HIV-1 from long-lived cdlular reservoirs
or to climinate low-level residual vire-
mia that emanates from this reservoir.
These studies have shown that RAL in-
tensfimtion does not appear to reduce
the size of the latent wirus reservoir or
eliminate low-lewel residual  viremia
[50-52]. One study has shown that in

some patients the latent HIV-1 reservoir
is replenished by ongoing low-level rep-
limtion becaus telltale episomal viral
forms accumulate in some patients re-
caving RAL intensificaion [53].

Initial ARV Therapy

Table 3 summarizes published dinical
triaks in which IMIs were used for inital
ARV therapy [38-39, 41-44]. In the phase
II STARTMREK trials, Ral. + TDRFTC
twice daily was as effoective as the san-
dard-of-care regimen (EFV + TDEFIC
once daily) [39]. As a result, published
guidelnes have recommended RAL +
TDEFTIC asa preferred first-line regimen,

In a viral dynamic substudy of the
phase 11 trial Protocal 004 [38], RAL-
containing treatment was shown o ac-
cderate the decline in plasma HIV-1
ENA levels relative to EFV-containing
treatment. The accelerated decline in
virus levds appears to result from INI-
induced prevention of the release and
production of virions from cells with
unintegrated forms of HIV-1 DNA. This
accelerated decline, however, has not
been shown to provide a unique clinical
beneit presumably beause the longer
period of detectable viremia in patients
not receiving INIs is cansed by virions
produced from unintegrated viral DINA
that are unable to infect new cdls in the
presence of active reverse transcriptase
or protease inhibition,

In an interim 48-wedk analysis of the
phase IIb trial comparing 48 subjects
recciving EVG + cobicistat (an -
vestigational pharmacokinetic enhancer) +
TDFFIC with 23 subjects recaving EFV
+ TDHKFIC, the EVG- and EFV-
wntaining ams  demonstrated  similar
vimlogical efficacy [41]. In a dose
ranging 24-week phase I study of &
GSK1349572, at least 90% of subjects re-
ceiving cach of the 3 §/GSK1349572 dos
apes had plasma HIV-1 RNA levds below
50 copiesiml [42].

In the MRTl-sparing PROGRESS trial,
RAL 400 mg BID + LPV/r 400/100 mg
BID produced wvirological responses
similar to the standard-of-care regimen

TODHFIC + LPVir 400/100 mg BID
[44] (Tahle 3}, Four subjects in the RAL-
containing arm met the protocol-de-
fined criteria for virologicl filure and
genotypic resistance testing, and one had
INI resistance. In the 24-week NRTI-
sparing SPARTAN trial, open-label RAL
400 mg BID + atazanavir (ATV) 300 mg
BID in 63 patients was similar in efficacy
to the standard-of-cre arm (ATV/ +
TDEFTC) [43]. However, among the 11
RAL recipients with virological failure, 5
developed RAL resistance, suggesting
that despite the clinical officacy of RAL
+ ATV, the regimen may be associated
with a higher risk of INI resistance at the
time of virological failire The dimical
trial was halted because of the froquent
occurrence of INI resistance and hyper-
bilirobinemia [43].

Regimen Simplification

One controlled comparative tral [45]
and multiple open-label pilot studics
have shown that patients with stable vi-
rological suppression on an enfuvirtide-
containing regimen can substitute RAL
for enfuvirtide without risking virologi-
cal rebound. The substitution of RAL for
a boosted PI, however, has not been
uniformly successful. In the large ran-
domized double-blinded controlled
SWITCHMRE trial, RAL regimen sim-
plification was less efficacious than con-
tinued LPV/r: 84% of 353 RAL recipients
versus 91% of 354 suppressed subjeds
continuing LPV/r maintained a plasma
HIV-1 RMA levd of fewer than 50
copies/mL by wedk 24 [36], Moreover, §
of the 11 RAL recipients with virologicl
failure developed RAL resistance. In
contrast, in the phas IV open-label
SPIRAL tral, RAL substimbon was at
least as efficacious as the boosted P arme
B9 versus §7% of subjects, res pectivdy,
maintained plasma HIV-1 RNA levels
of fewer than 50 copies'ml over the
48-wedk study period [46].

The higher risk of virological fail-
ure associated with RAL in the
SWITCHMREK compared with the SPI-
RAL trial is consistent with the
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observation that faihure in SWITCHMRK
was associted with previous NRTI fail-
um, so LPVir was more effective than
RAL in the context of a compromised
background regimen. In contrast, in the
SPIRAL trial about one-half of the sub-
jects in the comparator arm recaved
ATV/r and fosamprenavirir, Pls with
a lower penetic harrier to resistance than
LPV/r, Subjects in the SPIRAL trial
also had a longer bascline history of
virological suppression (=6 months
versus =3 months) than those in the
SWITCHMEE trial, placing the SPIRAL
trial participants at a lower risk of
virological failure.

ARV-Experienced Patients

The phase 11l randomized double-blind
controlled BENCHMRE trial demon-
strated the officacy of RAL for highly
ARV-experienced  patients  (Table  3).
The phase Il GS-183-105 trial compared
several different ritonavir-boosted EVG
(EVG/r) dosages with an optimized
ritonavir-boosted FPl-conmining  regi-
men. In GS-183-103, the superiority of
EWG/r rdative to the comparator arm
was less than that in the BENCHMRE
trals beause in GS-183-105, EVGIr
was compared with a boosted Pl and
an optmized background regimen. In
contrast, in the BENCHMREK trials,
RAL was compared solely with an
optimized badiground regimen. A dou-
ble-blinded phase [ study directly
comparing the safety and officacy of
EWG/r with RAL has been fully enralled
(NCTDO708 162 ).

Although the treatment of highly
ARV-mperienced  patients with ARV
regimens containing RAL or EVG has
been successful in the majorty of pa-
ticnts in these trials, virological failure
and INI resistance ocourred in a large
proportion of subjects whose optimized
background regimen contaned no addi-
tional active ARVs. The successful use of
RAL for treating highly ARV -experienced
patients in clinical practice has ako been
high, particularly when it is part of

a ngimm ontanng one or more

recently approved ARVs such as dar-
unavir, maraviroc, o ctravirine [49].

The VIKING trial is a phase [I
single-arm study of S/GSK1349572 QD
administered to subjects with RAL-
resistant viruses in whom a previous
RAlL-containing regimen had been un-
successful [33]. For the first 10 days of
the trial, S/GSK1349572 was given as
functional monotherapy (ie, in combi-
nation with existing ARVs for those
subjects who had already discontinued
RAL or as replacement for RAL for those
subjects still receiving it). In the 18
subjects with viruses having mutations
in the N155 or Y143 mutational path-
ways, the mean RNA decrease was L8
logs by day 11. In contrast, the virolog-
ical response was poorer in patients with
viruses having Q148 pathway mutations,
Although 3 of 5 subjects with Q148H +
G1405 had an RNA decrease =.7 logs by
day 11 (the primary end point), none of
4 subjects with a Q148 mutation plus 2
or more additional mutations at posi-
tons 74, 138, and 140 had an RNA de-
crease =.7 logs, Whether or not the 10-
to 20-fold decreased susceptibility to S/
GSK 1349572 assodated with a Q148
mutation plus one or more mutations
can be oveorcome with a higher S/
GSK 1349572 dosage (50 mg twice daily)
is being evaluated in a second cohort of
this trial | WCTO0950859; hitpo!/clinical-
triak.gov).

There have been no studies of RAL or
EVG in paticnts infected with viruses
containing INI resistance mutations or
having a history of previous INI therapy.
Therefore, theae are no clinically vali-
dated genotypic susceptibility scores or
phenotypic anoffs yet for these INIs.
However, treatment with RAL is unlikdy
to be effective at treating viruses con-
tatning one of the major RAL resistance
mutations such as Y143CR, Q148HRK,
and MNI155H. Likewise, treatment with
EVG is unlikely to be effective at
treating viruses containing one of the
major EVG resistance mutations such as
TeslAK, E920), 5147G, Q148HRE, and
NI155HL

CONCLUSIONS

The potency and tolerability of RAL
have made it an important option for
first-line therapy, the treatment of highly
ARV-cxperienced patients, and regimen
simplification. RAL's relatively low ge-
netic barrier to resistance, coupled with
the high level of cross-resistance within
the IMI class, calls for clinicians to be
familiar with the studies that define
RAL's optimal use. The investigational
INls EVG and S/GSK1M9572 are dso
being studied for Amt-lne therapy and
the treatment of highly ARV-experienced
patients. If these INIs are approved and
prowe to be as well tolerated as RAL, they
are also likdy to be used for regimen
simplification. S/GSK1349572 may also
prove useful at treating a significant
subset of patients who have RAL-
resistant viruses,

This study was supported by NIH
grants AM6148 and AIOGESEL. )-LE
was supported in part by the Spanish
Infectious Diseases Sodety.
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