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The first two integrase strand transfer inhibitors (INSTIs) approved for treatment of patients infected
with human immunodeficiency virus (HIV) were raltegravir and elvitegravir. Both raltegravir and elvi-
tegravir are now guideline-preferred agents as part of an antiretroviral regimen for treatment-naive
patients. However, raltegravir is dosed twice/day. Elvitegravir is available in a single-tablet regimen
and dosed once/day because it is administered with the pharmacokinetic booster cobicistat, a potent
CYP3A4 inhibitor that can lead to clinically significant drug—drug interactions. In addition, raltegravir
and elvitegravir have a low genetic barrier to resistance and are associated with cross-resistance. Dolu-
tegravir is a new-generation INSTI administered once/day without a pharmacokinetic booster and can
be coformulated in a single-tablet regimen. Phase III studies have demonstrated the efficacy and safety
of dolutegravir for treatment-naive and treatment-experienced patients. Compared with other INSTIs,
dolutegravir has a higher genetic barrier to resistance. Dolutegravir was approved by the U.S. Food
and Drug Administration in August 2013 and joins raltegravir and elvitegravir as guideline-preferred
agents for the management for HIV-infected treatment-naive patients.

Key Worps dolutegravir, DTG, S/GSK1349572, integrase inhibitor, integrase strand transfer inhibitor,
INSTI, elvitegravir, raltegravir.
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Raltegravir is the first member of the novel in-
tegrase strand transfer inhibitor (INSTI) class.
After its approval in 2007, raltegravir became the
first INSTI to be listed as a preferred agent in the
Department of Health and Human Services
(DHHS) guidelines for the management of human
immunodeficiency virus (HIV) infection in
treatment-naive patients and is an option for treat-
ment-experienced patients. Raltegrav1r is admin-
istered twice/day, which is not ideal.> > Patients
with HIV infection prefer once/da day regimens,
especially single-tablet regimens.*® A second
INSTI, elvitegravir, was approved in 2012 and is
available as a single-tablet regimen containing
cobicistat, tenofovir, and emtricitabine.” This
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single-tablet regimen containing elvitegravir has
recently become a preferred reglmen for treat-
ment-naive patients by the DHHS.® One of the dis-
advantages of elvitegravir is its short half-life,
which necessitates the administration of the phar-
macokinetic booster cobicistat for elvitegravir to
be dosed once/day.” Cobicistat is a specific and
potent inhibitor of CYP3A4 and assoc1ated with
clinically significant drug—drug interactions.” The
second-generation INSTI dolutegravir (S/GSK
1349572) combines the advantages of its prede-
cessors, but it is administered once/day without
the need for a pharmacokinetic booster and may
be coformulated with other antiretrovirals in a sin-
gle-tablet regimen.'” ' Dolutegravir has been
investigated as part of an antiretroviral therapy
(ART) regimen for treatment-nalve and treatment-
experienced patients.'? '® This article reviews the
pharmacology, clinical safety and efficacy, and
potential place in therapy of dolutegravir.
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Pharmacology

The integrase enzyme is one of three virally
encoded enzymes essential for HIV replication
and is responsible for integrating HIV DNA into
the host cell genome."® The integration process
begins with HIV entry into CD4" cells and tran-
scription of viral RNA into complementary viral
DNA. First the integrase enzyme binds to a new
viral DNA transcript to form the preintegration
complex. The enzyme then removes a nucleotide
from each viral DNA terminus to expose reactive
3" hydroxyl groups. The complex then enters the
host cell nucleus where DNA strand transfer
occurs. In this step, the integrase enzyme binds
to the host cell DNA and cuts each DNA strand
to expose 5" phosphate groups that can become
covalently bound to the 3’ viral DNA hydroxyl
groups formed by the preintegration complex.
Once the strand transfer process is complete,
host cell enzymes repair any remaining gaps
between the viral and host cell DNA.

The INSTIs, including dolutegravir, specifi-
cally block the strand transfer step of the inte-
gration process.'” The active site of the integrase
enzyme binds to the host cell DNA and includes
two divalent metal cations that serve as chela-
tion targets for the INSTIs.'” ' As a result,
when an INSTI is present, the active site of the
enzyme is occupied and the integration process
is halted.

Pharmacokinetics and Drug Interactions

The pharmacokinetic (PK) properties of dolu-
tegravir have been studied in healthy volunteers
and HIV-infected persons.'® *® Two random-
ized, double-blind, placebo-controlled, single-
or multiple-dose escalation studies of dolutegra-
vir oral suspension were conducted in 52
healthy volunteers.'® The single-dose study con-
sisted of two different cohorts, each with 10
volunteers (active drug, n = 8; placebo, n = 2).
The first cohort received 2, 10, and 50 mg; the
second cohort received 5, 25, and 100 mg. In
the multiple-dose study, three cohorts received
dolutegravir once/day for 10 days in doses of
10 mg (active drug, n =8; placebo, n = 2),
25 mg (active drug, n = 10; placebo, n = 2), or
50 mg (active drug, n =8; placebo, n = 2).'°
Dolutegravir was rapidly absorbed with a med-
ian time to maximum concentration (T,,.) of
1 hour, which is similar to both raltegravir
(1 hour) and elvitegravir (2-3 hours) (Table
1).>" *? Steady state was reached by day 5, and
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Table 1. Pharmacologic properties of HIV-1 integrase strand transfer inhibitors

PK parameter associated

Inhibitory
concentration, pg/ml

Trax, Half-life, Protein

Primary
metabolism

with efficacy

binding

hrs

hrs

Dosing

Formulation

400-mg tablet;

Drug

IPR2025-00033

Unknown

=0.016

1Cos

83%

UGT 1A1 7-12

Adult: 400 mg twice/day

Raltegravir

Child: 6 mg/kg twice/day

100-mg chewable

tablet;
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drug accumulation was modest. Importantly, the
geometric mean steady state concentration at the
end of the 50-mg dosing interval (C,,;,) was
1.6 pg/ml or 25-fold higher than the protein-
adjusted 90% inhibitory concentration (0.064 pg/
ml). Combined with an observed 13-15 hour
half-life (raltegravir, 7-12 hours; elvitegravir,
9 hours), these C,;, levels suggest that once/day
dosing is appropriate. Additionally, only low to
moderate intersubject variability was observed for
the multiple PK parameters assessed in these
studies. This observation suggests PK similarities
between dolutegravir and elvitegravir but differ-
ences with raltegravir, for which significant vari-
ability has been observed.”> ** The investigators
postulate that the more predictable PK profile
observed with dolutegravir in comparison with
raltegravir could prevent extremes of drug expo-
sures that might result in toxicity or therapeutic
failure.'® Their conclusion should be interpreted
with caution, however, because there is no evi-
dence to suggest that the plasma-level variability
with raltegravir results in poor patient outcomes.

The PK properties of dolutegravir have also
been characterized in HIV-infected persons.”® A
phase I randomized, double-blind, placebo-con-
trolled study of dolutegravir monotherapy
enrolled 35 treatment-naive or treatment-experi-
enced men. After a 10-hour fast, dolutegravir
was administered once/day for 10 consecutive
days. Patients were divided into four groups that
received 2 mg (n=9), 10 mg (n=9), 50 mg
(n = 10), or placebo (n = 7). Dolutegravir was
rapidly absorbed (mean T, = 1.5-2.5 hours)
with a mean half-life of 12 hours and a time to
steady state concentration of 7 days.

There was minimal intersubject variability in
dolutegravir PK.*° At steady state, the 50-mg
dose achieved a mean C,,,x of 3.34 pg/ml (16%
coefficient of variation), an area under the curve
(AUC)g 24 n of 43.4 pg*h/ml (coefficient of vari-
ation 20%), and a Cp;, of 0.83 pug/ml (coeffi-
cient of variation 26%). The C,;, was higher
than the adjusted 90% inhibitory concentration
and was the parameter that best predicted viral
load response.”® This observation again draws
parallels with elvitegravir, but it distinguishes
dolutegravir from raltegravir because plasma
exposure of raltegravir does not correlate with
clinical outcomes.** *> By day 11, significant
reductions in plasma HIV-RNA were observed
for all dolutegravir dose groups compared with
placebo (mean decrease 1.51-2.46 log;o copies/
ml, p<0.001). Reductions were particularly pro-
found for the 50-mg group in which 70% of
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patients achieved plasma HIV RNA below
50 copies/ml. These patients also maintained
viral suppression for 4 days after discontinuing
dolutegravir,®® likely because plasma levels
remained above the 50% inhibitory concentra-
tion (0.016 pg/ml) during this time period. This
level of virologic response was similar to find-
ings of short-term studies of other antiretrovirals
and supported evaluation of the long-term effi-
cacy of dolutegravir in combination with other
antiretroviral agents in larger clinical trials.** **
The currently recommended dose of dolute-
gravir is 50 mg once/day for INSTI-naive
patients.*® More than half of an administered
dose (53%) is eliminated unchanged in the feces;
nearly a third (31%) is eliminated as metabolites
in the urine.”” Metabolism primarily occurs
(51%) through uridine diphosphate-glucurono-
syltransferase (UGT) 1Al with minor contribu-
tions from cytochrome (CYP) 3A4 (21%), UGT
1A9 (6%), and UGT 1A3 (3%).'" *’ Dolutegra-
vir is also a substrate for p-glycoprotein. In vi-
tro, dolutegravir does not induce or inhibit
commonly used metabolic pathways and is
therefore not expected to cause interactions with
drugs that are P-glycoprotein, UGT, or CYP
P450 enzyme substrates.’” However, potent
inducers and/or inhibitors of UGT 1Al and
CYP3A4 can significantly alter dolutegravir con-
centrations. For example, rifampin induces both
UGT-1A1 and CYP3A4, and coadministration
significantly reduces dolutegravir levels.”® A
phase I drug interaction study in healthy volun-
teers demonstrated that it was necessary to
increase the dolutegravir dosage to 50 mg twice/
day when coadministered with rifampin 600 mg/
day to achieve dolutegravir concentrations simi-
lar to those attained during once/day dosing.
Dolutegravir concentrations did not change dur-
ing administration of rifabutin 300 mg once/day,
suggesting that dosing adjustments are not nec-
essary when these agents are coadministered.*®
Many antiretroviral agents can also induce or
inhibit CYP3A4 or UGT 1Al enzymes and could
alter dolutegravir concentrations during coad-
ministration (Table 2). For example, the combi-
nation of dolutegravir with the UGT 1Al
inhibitor atazanavir/ritonavir or atazanavir alone
in a small study of healthy volunteers showed
that dolutegravir AUC levels increased by 69%
and 91%, C,.x levels increased by 34% and 50%,
and Cy, levels increased by 121% and 180%,
respectively.” These changes were not consid-
ered clinically significant and did not translate to
additional adverse events. The investigators
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Table 2. Dolutegravir drug interactions

28-37, 40

Effect on dolutegravir or

concomitant drug Dosing
Drug Study details concentrations recommendations”
PI
Atazanavir Open label, crossover design Dolutegravir AUC, Cyax No dosing adjustments
400 mg/day Dolutegravir 30 mg/ and C,, increased 91%, necessary
day x 14 days 50%, and 180%
Healthy subjects (n = 12)
Atazanavir/r Open-label crossover design Dolutegravir AUC, Cpax No dosing adjustments

300 mg/100 mg/day

Darunavir/r
600 mg/100 mg twice/day

Fosamprenavir/r
700 mg/100 mg twice/day

Lopinavir/r
400 mg/100 mg twice/day

Tipranavir/r
500 mg/200 mg twice/day

NNRTI
Efavirenz
600 mg/day

Etravirine
200 mg twice/day

Rilpivirine
25 mg/day

NRTI
Tenofovir
300 mg/day

Hepatitis C PI
Boceprevir
800 mg 3 times/day

Telaprevir
750 mg 3 times/day

Dolutegravir 30 mg/
day x 14 days
Healthy subjects (n = 12)

Open-label crossover design

Dolutegravir 30 mg/
day x 14 days
Healthy subjects (n = 15)

Open-label crossover design

Dolutegravir 50 mg/
day x 15 days
Health subjects (n = 12)

Open-label crossover design

Dolutegravir 30 mg/
day x 14 days
Healthy subjects (n = 15)

Open-label crossover design

Dolutegravir 50 mg/
day x 5 days
Healthy subjects (n = 18)

Open-label crossover design

Dolutegravir 50 mg/
day x 14 days
Healthy subjects (n = 12)

Open-label crossover design

Dolutegravir 50 mg/

day x 14 days alone (n = 16)
or in combination with either:
darunavir/r 600 mg/100 mg
twice/day (n = 9) or
lopinavir/r 400 mg/100 mg
twice/day (n = 8)

Healthy subjects (n = 33)

Open-label crossover design

Dolutegravir 50 mg/
day x 5 days

Open-label crossover design

Dolutegravir 50 mg/
day x 5 days
Healthy subjects (n = 15)

Open-label crossover design

Dolutegravir 50 mg/
day x 10 days
Healthy subjects (n = 16)

Open-label crossover design

Dolutegravir 50 mg/
day x 10 days
Healthy subjects (n = 16)

and C,;, increased 62%,
34%, and 121%

Dolutegravir AUC, Cpax
and C,,;, decreased 22%,
11%, and 38%

Dolutegravir AUC, Cpax
and C,,;, decreased 35%,
24%, and 49%

No significant effects

Dolutegravir AUC, Ciax
and C,,;, decreased 59%,
46%, and 76%

Dolutegravir AUC, Cyax
and C,,i, decreased 57%,
39%, and 75%

Dolutegravir AUC, Cyax
and C,i, decreased 71%,
52%, and 88%
Dolutegravir AUC, Cpax
and C,,, decreased 25%,
12%, and 37% with
etravirine plus darunavir/
ritonavir
Dolutegravir AUC, Cyax
and C;, increased 11%,
7%, and 28% with
etravirine plus lopinavir/
ritonavir

No significant effects

No significant effects

No significant effects

Dolutegravir AUC, Cpax
and C,, increased 25%,
19%, and 37%

necessary

No dosing adjustments
necessary

Dolutegravir 50 mg
twice/day for INSTI-
naive patients

No dosing adjustment
necessary

Dolutegravir 50 mg
twice/day for INSTI-
naive patientsb

Dolutegravir 50 mg
twice/day for INSTI-
naive patients

Do not coadminister
dolutegravir and
etravirine unless either
darunavir or lopinavir
is included in the ART
regimen

No dosing adjustments
necessary

No dosing adjustments
necessary

No dosing adjustments
necessary

No dosing adjustments
necessary
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Table 2. (continued)

Effect on dolutegravir or

concomitant drug Dosing
Drug Study details concentrations recommendations”
Rifamycins
Rifabutin Open-label crossover design No change in dolutegravir No dosing adjustments

300 mg/day Dolutegravir 50 mg/

day x 14 days

Healthy subjects (n = 9)
Rifampin Open-label crossover design
600 mg/day Dolutegravir 50 mg/

day x 7 days
Followed by twice/

day x 14 days with rifampin

Healthy subjects (n = 12)

Acid-reducing agents
Antacids
20 ml x 1 dose

Open-label crossover design
Dolutegravir 50 mg x 1
either simultaneously with
antacid or 2 hrs prior to
antacid
Healthy subjects (n = 16)

Open-label crossover design
Dolutegravir 50 mg x 1 on
day 5 of omeprazole
Healthy subjects (n = 12)

Omeprazole
40 mg/day x 5 days

Oral contraceptive agents
Ethinyl estradiol 0.035 mg
and norgestimate 0.25 mg

Randomized, double-blind,

design

Dolutegravir 50 mg twice/day

or placebo on days 1-10 or
1221 within a single
menstrual cycle and while
receiving oral contraceptive
agent

Healthy female subjects
(n=12)

Opioid addiction agent
Methadone Open-label crossover design
Dolutegravir 50 mg twice/
day x 5 days
Opiate-dependent HIV-
negative subjects (n = 12)

placebo-controlled, crossover

AUC or Chax; Chin necessary
decreased by 30%
Dolutegravir AUC, Cayx Dolutegravir

and C,;, increased 33%, 50 mg twice/day2
18%, and 22% with

dolutegravir 50 mg twice/

day plus rifampin

compared with

dolutegravir 50 mg/day

Administer antacids
6 hrs prior or
2 hrs after dolutegravir

Dolutegravir AUC, Cax
and C,,;, decreased 74%,
72%, and 74% with
simultaneous dose versus
dose 2 hrs prior to antacid

No significant effects No dosing
adjustments necessary

No significant effects No dosing

adjustments necessary

No significant effects No dosing adjustments

necessary

PI = protease inhibitor; AUC = area under the curve; C,,, = maximum concentration; C,,;, = concentration at the end of a dosing interval,
/r = ritonavir; INSTI = integrase strand transfer inhibitor; NNRTI = nonnucleoside reverse transcriptase inhibitor; ART = antiretroviral ther-
apy; NRTI = nucleoside reverse transcriptase inhibitor; HIV = human immunodeficiency virus.

*Standard dolutegravir dosing is 50 mg once/day.

PConsider an alternative combination for INSTI-experienced patients with confirmed or suspected INSTI resistance.

concluded that these agents could be coadminis-
tered safely without dosing adjustments.*
Potential drug interactions between dolutegra-
vir and other ritonavir-boosted HIV protease
inhibitors (PIs) including lopinavir, fosamprena-
vir, darunavir, and tipranavir have been stud-
ied.>®>? Unlike atazanavir, these agents are not
UGT 1Al inhibitors, but they are always adminis-
tered in combination with ritonavir, which is a
potent CYP3A4 and p-glycoprotein inhibitor and
a UGT 1Al inducer. In studies of healthy
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volunteers, coadministration of dolutegravir and
either darunavir/ritonavir or lopinavir/ritonavir
resulted in modest and clinically insignificant
reductions in steady state dolutegravir concentra-
tions. In each case, dolutegravir C,;, levels
exceeded the protein binding adjusted 90% inhib-
itory concentration and were consistent with con-
centrations associated with virologic efficacy in a
previously described phase T study.'® ° Signifi-
cant reductions in dolutegravir concentrations
occur during concurrent fosamprenavir/ritonavir
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or tipranavir/ritonavir administration, but accord-
ing to the manufacturer this drug interaction can
be mitigated ; adjusting  dolutegravir to
twice/day dosing.”” These data suggest that com-
binations of dolutegravir and commonly used
HIV PIs can be safely administered to patients,
although dolutegravir may need to be adminis-
tered twice/day instead of once/day. Treatment-
naive patients are not appropriate candidates for
combination therapy. Rather, combination ther-
apy is more likely for treatment-experienced
patients whose options are limited because of
resistance to ART.

Similarly, the ability to safely combine dolute-
gravir and nonnucleoside reverse transcriptase
inhibitors (NNRTIs) may also be a consideration
for treatment-experienced patients. Efavirenz
moderately reduced dolutegravir concentrations
in healthy volunteers, likely as a result of
CYP3A4 and UGT 1Al induction.”® These
reductions were considered to be clinically rele-
vant by the manufacturer, and a dosing adjust-
ment to dolutegravir 50 mg twice/day is
recommended. As with tenofovir, rilpivirine nei-
ther induces nor inhibits UGT 1Al or CYP
enzymes, and coadministration with dolutegravir
did not result in clinically meaningful changes
in concentrations of these antiretrovirals.’> >* In
contrast, etravirine is an inducer of CYP3A4 and
possibly UGT 1A1 and has been found to reduce
dolute%ramr steady state concentrations signifi-
cantly. Dolutegravir  C,i, ~ concentrations
declined with etravirine by 88% to a geometric
mean of 0.16 pg/ml (84% coefficient of vari-
ance), with some dolutegravir concentrations
falling below the protein adjusted 90% inhibi-
tory concentration. When the investigators com-
bined dolutegravir and etravirine with either
lopinavir/ritonavir or darunavir/ritonavir, dolute-
gravir concentrations were similar to those
observed when it was administered with either
PI alone. As a result, the investigators concluded
that etravirine and dolutegravir should only be
coadministered if either lopinavir/ritonavir or
darunavir/ritonavir is also included in the ART
regimen.35

Drug—drug interactions between other medica-
tions and dolutegravir have been investigated.
Specifically, dolutegrav1r does not alter metha-
done concentrations.”® Dolutegravir does not sig-
nificantly interact with oral contraceptives
containing norgestimate and ethinyl estradiol.”®
Therefore, in contrast to many other antiretrovi-
ral agents, contraceptive efficacy should be main-
tained during dolutegravir coadministration.
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Dolutegravir does not appear to have clinically
relevant drug interactions with the hepatitis C
PIs telaprevir and boceprevir, both of which are
strong CYP3A4 inhibitors that can affect the
metabolism of other antiretrovirals and compli-
cate the treatment of HIV and hepatitis C coin-
fection.>” Both dolutegravir and raltegravir
concentrations are largely unaffected by telapre-
vir and boceprevir, and each can be coadminis-
tered with these hepatltls C PIs without the need
for dosing adjustments.>”" *® In contrast, con-
comitant administration of boceprevir or telapre-
vir with ART regimens containing elvitegravir
are not recommended because elvitegravir is
metabolized via CYP3A4, and Chnlcally signifi-
cant drug interactions are likely."

Dolutegravir can be administered with or
without food, although modest increases in T,
and AUC levels following meals can occur.””
Because dolutegravir absorption is not pH
dependent, dosing adjustments are not needed
with coadmlmstratlon of acid-reducing agents
(e.g., omeprazole).*® Importantly, dolutegravir is
subject to chelation interactions with antacids
resulting in significant reductions in AUC. It is
therefore recommended that dolutegravir be
administered 2 hours before or 6 hours after the
administration of antacids.*

Dolutegravir is highly protein bound (99%)
and undergoes extensive hepatic metabolism."°
*' The PK profile of dolutegravir has not been
evaluated in patients with severe liver disease,
but it does not appear to be significantly altered
by moderate hepatic impairment (Childs-Pugh
class B), and dosage adjustments are not
required in this setting.*' Renal clearance of
active drug is a minor elimination pathway for
dolutegravir with less than 1% of active drug
excreted by the kidney.'” As a result, dosage
adjustments are not recommended for patients
with renal insufficiency.”® However, dosage
adjustment recommendations for patients receiv-
ing dialysis cannot be made because PK data are
not available for this population. Dolutegravir is
an inhibitor of the renal transport protein
organic cation transporter 2 (OCT2) and can
result in a mild, benign, and reversible elevation
in serum creatinine (10-14%).%27> *? However,
OCT2 inhibition can lead to potential drug
interactions between dolutegravir and OCT2
substrates. For example, dofetilide is an OCT2
substrate with a very narrow therapeutic win-
dow, and caution is therefore warranted with
dolutegravir coadministration. Other common
OCT2 substrates that interact with dolutegravir
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include metformin, cimetidine, triamterene, and
procainamide.”

Dolutegravir is also a substrate for P-glycopro-
tein and human breast cancer resistance protein,
two transporters that impair intestinal absorp-
tion and central nervous system (CNS) penetra-
tion of antiretroviral agents.”’ However,
dolutegravir also has a high intrinsic passive
membrane permeability that attenuates the effect
of these transporters, allowing for rapid intesti-
nal absorption (T,.x = 1-2 hours) and distribu-
tion to the CNS. In a 16-week open-label study
of 13 ART-naive patients receiving dolutegravir,
abacavir, and lamivudine, dolutegravir concen-
trations in cerebrospinal fluid were similar to
unbound plasma levels and exceeded 50% inhib-
itory concentrations.*’> Nearly all patients dem-
onstrated evidence of viral suppression in both
the plasma and cerebrospinal fluid (85%) in
response to the ART regimen by week 16, which
suggests a possible role for dolutegravir in the
management of HIV-associated neurocognitive
disorder.

Dolutegravir also achieves meaningful concen-
trations in anatomic sites linked to HIV trans-
mission 1nclud1ng the genital tract and
colorectum.** Currently, these data are limited
to a small group of healthy volunteers (8
women, 12 men), but support the evaluation of
dolutegravir in HIV prevention and preexposure
prophylaxis.

Clinical Trials

Treatment-Naive Patients

The safety and efficacy of dolutegravir-based
ART regimens in treatment-naive adults have
been compared with efavirenz-based and ralte-
gravir-based regimens, two preferred regimens
recommended by the DHHS treatment guide-
lines, 1> 1216

Dolutegravir versus Efavirenz

The efficacy and safety of dolutegravir as part
of an ART regimen was first evaluated in
SPRING-1, a phase IIb randomized, multicenter,
dose-ranging study of 205 treatment-naive adults
(86% were male).!” Patients were randomly
assigned (1:1:1:1) to efavirenz 600 mg/day
(n = 50) or dolutegravir 10 mg (n = 53), 25 mg
(n =51), or 50 mg (n = 51) once/day. Investiga-
tors and participants were blinded to drug doses
but were aware of the drug assignment. In
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addition to the study drug, patients received an
open-label nucleos(t)ide reverse transcriptase
inhibitor (NRTI) background regimen of either
tenofovir/emtricitabine (67%) or abacavir/lami-
vudine (33%) at the investigator’s discretion.
Inclusion criteria included a baseline HIV RNA
of at least 1000 copies/ml and a CD4" cell count
of at least 200 cells/mm’. The mean baseline
HIV RNA levels and CD4" cell counts
ranged from 4.4— 46 logyo copies/ml and from
309-334 cells/mm’, respectively.

The primary end point of SPRING-1 was viro-
logic suppression at week 48, defined as an HIV
RNA level below 50 copies/ml. Dolutegravir and
efavirenz had similar rates of virologic suppres-
sion (90% and 82%, respectively). Dolutegravir
achieved virologic suppression more quickly
than efavirenz; by week 4, 66% of patients who
received dolutegravir, regardless of dose, had
virologic suppre551on versus 18% of efav1renz—
treated patients.'* Although rapid virologic sup-
pression has been reported with other INSTIs,
the clinical significance of this response is not
known.” ** Median CD4" cell counts for dolu-
tegravir (+231 cells/mm?>) and efavirenz
(+174 cells/mm>) were similar (p=0.076). Rates
of sustained virologic suppression through week
96 were similar for dolutegravir 10 mg (79%),
25 mg (78%), and 50 mg (88%) and efavirenz
(72%). Both drugs achieved a comparable med-
ian increase in CD4" cell counts from baseline
(+338  vs  +301 cells/mm’,  respectively;
p=0.155)."

The SINGLE study was a randomized,
controlled, multicenter, double-blind, double-
dummy, noninferiority phase III trial that com-
pared the efficacy and safety of dolutegravir and
efavirenz in 833 ART-naive adults.'® Patients
were randomized to receive either of two single-
tablet once/day regimens: dolutegravir 50 mg/ab-
acavir 600 mg/lamivudine 300 mg (n = 414) or
efavirenz 600 mg/tenofovir 300 mg/emtricitabine
200 mg (n = 419). Most patients were white
(68%) and male (84%). The median baseline HIV
RNA level was 4.7 log;o copies/ml in both treat-
ment groups, and the median baseline CD4" cell
counts were 335 cellssmm’ for dolutegravir and
339 cells/mm’ for efavirenz. The primary end
point was the proportion of patients who
achieved an HIV RNA level below 50 copies/ml
by week 48. After confirming noninferiority, a
prespecific superiority test demonstrated that
more patients treated with dolutegravir versus
efavirenz achieved the primary end point (88%
vs 81%, p=0.003). As in SPRING-1, dolutegravir
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was associated with a shorter time to virologic
suppression (median 28 days) versus efavirenz
(median 84 days, p<0.0001). Dolutegravir treat-
ment also led to significantly greater median
increases in CD4" cell count than efavirenz
(+267 vs +208 cells/mm’, respectively; p<0.001).
Although multiple different agents have been
shown to be noninferior to efavirenz/tenofovir/
emtricitabine, dolutegravir is the first antiretrovi-
ral found to be superior to efavirenz in treat-
ment-naive patients. This finding may be
attributed to the different discontinuation rates
due to adverse events between dolutegravir and
efavirenz (2% vs 10%, respectively; p value not
reported). Safety is discussed in depth in the
following section. The discontinuation rate of ef-
avirenz (10%) in the SINGLE study was higher
than seen (5-6%) in other phase III clinical trials
that compared efavirenz and INSTIs in treat-
ment-naive patients.”” *® Therefore, the superi-
ority of dolutegravir over efavirenz should be
carefully considered and applied because addi-
tional clinical data are needed to validate this
finding.

Dolutegravir versus Raltegravir

The SPRING-2 study was a 96-week phase III,
randomized, double-blind, active-controlled,
noninferiority trial that compared the efficacy
and safety of dolutegravir and raltegravir in 822
treatment-naive adults."” Patients were random-
ized to receive dolutegravir 50 mg once/day
(n =411) or raltegravir 400 mg twice/day
(n = 411). The background regimen consisted of
either coformulated tenofovir/emtricitabine or
abacavir/lamivudine, chosen at the investigator’s
discretion. A baseline HIV RNA level of at least
1000 copies/ml was required for study entry.
There were no CD4" entry criteria, however,
patients with active CDC category C disease
(except Kaposi sarcoma) were excluded. The
median baseline HIV RNA levels and CD4" cell
counts were similar between the dolutegravir
(4.52 log;o copies/ml, 359 cellsyfmm?) and ralte-
gravir groups (4.58 logjo copies/ml, 362 cells/
mm?>). Most patients were white (86%) men
(85%). Tenofovir/emtricitabine was more com-
monly used as the dual NRTI in both groups
(60%). After 48 weeks, 88% of patients in the
dolutegravir arm achieved an HIV RNA level
below 50 copies/ml, compared with 85% in the
raltegravir arm (adjusted difference, —2.5%, 95%
confidence interval [CI] —2.2 to 7.1), meeting
the criteria for noninferiority. The CD4" cell
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counts increased by a median of 230 cells/mm’
in both groups. Virologic suppression was simi-
lar between the two groups regardless of back-
bone dual NRTI or baseline HIV RNA level
(100,000 or lower, or above 100,000 copies/ml).
Although the 96-week data have not been pub-
lished, preliminary data show that dolutegravir
remained noninferior to raltegravir in terms of
virologic suppression (81% vs 76%, respectively;
adjusted difference 4.5%, 95% CI —1.1 to 10%).
The increase in CD4" cell counts was similar
between both groups (+276 vs +264, p value not
reported).16

Limitations

The SINGLE and SPRING-2 studies showed
the efficacy of dolutegravir in treatment-naive
patients, including its superiority over efavi-
renz.'* !> However, several limitations should
be noted. Both studies enrolled predominately
white men; therefore, more clinical data is
needed in HIV-infected women and minorities.
It is not anticipated that gender or race affects
the PK properties of dolutegravir. In the SINGLE
study, efavirenz and dolutegravir had similar
rates of virologic suppression in terms of base-
line HIV RNA level (100,000 or below or above
100,000 copies/ml) or CD4" cell count (200 or
below or above 200 cellss/mm?>).'* The SPRING-
2 study demonstrated comparable rates of viro-
logic suppression with respect to baseline HIV
RNA level."”” The application of this data is lim-
ited because both studies primarily enrolled
patients with HIV RNA levels 100,000 or below
copies/ml (68-72%) and few patients (13-14%)
with advanced HIV disease (CD4" cell count
200 cells/mm> or below). Therefore, additional
clinical data are needed in treatment-naive
patients with very low CD4" cell counts and
high baseline HIV RNA levels.

Tenofovir/emtricitabine is the preferred dual
NRTI backbone of ART regimens for treatment-
naive patients." The SINGLE and SPRING-2
studies used tenofovir/emtricitabine and abacavir/
lamivudine.'* '* In the SINGLE study, dolutegra-
vir was coformulated with abacavir/lamivudine to
create a single-tablet regimen; SPRING-2 allowed
open-label use of either dual NRTI combination.
The DHHS guidelines list abacavir/lamivudine as
an alternative choice because of conflicting data
regarding its virologic efficacy. The ACTG5202
study observed a shorter time to virologic failure
with abacavir/lamivudine compared with tenofo-
vir/emtricitabine in patients with a baseline HIV
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RNA level above 100,000 copies/ml.*" Addition-
ally, abacavir/lamivudine was less likely to
achieve virologic suppression compared with ten-
ofovir/emtricitabine in the ASSERT study,
although this may be due to the higher than
expected discontinuation rate in the abacavir/
lamivudine arm.* In contrast to the previous
two studies, the HEAT study showed compara-
ble rates of virologic suppression between ten-
ofovir/emtricitabine and abacavir/lamivudine,
regardless of baseline HIV RNA levels.** The
SPRING-2 and SINGLE studies demonstrate
that the efficacy of dolutegravir was comparable
with raltegravir and efavirenz, respectively,
regardless of which dual NRTI backbone was
used.'* 10

Treatment-Experienced Patients

Two studies have investigated the efficacy
and safety of dolutegravir in treatment-experi-
enced adults.'” '® The VIKING study was a
phase IIb multicenter, open-label, single-arm
pilot study that evaluated the effect of dolute-
gravir treatment in 51 patients who had viro-
logic failure while taking raltegravir-containing
regimens.'” Patients received either dolutegravir
50 mg once/day(n = 27) or twice/day (n = 24)
with the failing regimen (excluding raltegravir)
for 10 days. After this functional monotherapy
phase, background therapy was optimized using
genotypic and phenotypic testing. Inclusion cri-
teria were HIV RNA levels 1000 copies/ml or
above, presence of genotypic INSTI resistance,
and resistance to at least one medication from
two different classes of ART (NRTIs, NNRTIs,
PIs, or fusion/entry inhibitors). The primary
end point was the proportion of patients who
had HIV RNA below 400 copies/ml or at least a
0.7 logyp copies/ml reduction in viral load on
day 11. Although a rapid antiviral response was
seen in both cohorts, more patients were likely
to achieve the primary end point with twice/day
dolutegravir by day 11 (96% vs 78%, p value
not reported). Twice/day dosing also led to a
significantly greater reduction in viral load com-
pared with once/day dosing (—0.32 log;o cop-
ies/ml, p=0.017). By week 24, the rate of
virologic suppression was numerically higher
with twice/day dosing (75% vs 41%, p value
not reported). Immunologic recovery was simi-
lar for both groups (median increase of CD4"
cells, +60 vs +54 cells/fmm’, respectively; p
value not reported). The VIKING study was the
first to demonstrate the successful use of an
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INSTI for the treatment of raltegravir-resistant
HIV. However, because VIKING only enrolled
51 patients, larger studies are needed to clarify
the role of dolutegravir in INSTI-resistant HIV.
Two phase III trials are currently underway to
evaluate twice/day dolutegravir for the treat-
ment of raltegravir- or elvitegravir-resistant
HIV 50 51

Raltegravir and elvitegravir may be used as
part of a salvage regimen in treatment-experi-
enced patients with resistant HIV." * °2 The
SAILING study was a phase III randomized,
double-blind, noninferiority trial that compared
the safety and efficacy of dolutegravir with ralte-
gravir in 715 treatment-experienced, INSTI-
naive patients.'® Patients were enrolled if they
had two consecutive HIV RNA levels of at least
400 copies/ml or above (or above 1000 copies/
ml upon screening), resistance to two or more
classes of ART medications, and were receiving
one or two fully active drugs as background
therapy. Patients were randomized 1:1 to receive
either dolutegravir 50 mg once/day (n = 354) or
raltegravir 400 mg twice/day (n = 361), along
with optimized background therapy. Baseline
HIV RNA levels were comparable for dolutegra-
vir (4.17 log;o copies/ml) and raltegravir (4.21
log1p copies/ml). Additionally, baseline CD4"
cell counts were similar between the two arms
(204.5 vs 193 cells/mm’, respectively). Overall,
49% of patients had resistance to at least three
drug classes, and 85% received background ther-
apy that contained a ritonavir-boosted protease
inhibitor.

The primary end point for SAILING was the
proportion of patients achieving virologic sup-
pression, defined as an HIV RNA level below
50 copies/ml at week 48.'® Patients randomized
to dolutegravir were significantly more likely to
achieve virologic suppression (71% vs 64%,
p=0.03), which fulfilled the prespecified criteria
for mnoninferiority and subsequent statistical
superiority. CD4" cell counts increased from
baseline in both groups (+162 vs +153 cells/
mm’, p value not reported). Additionally, viro-
logic failure due to treatment-emergent INSTI
resistance was significantly less common with
dolutegravir ~ (adjusted  difference ~ —3.7%,
p=0.003)."®

Based on the efficacy and safety demonstrated
in phase III clinical studies in treatment-naive
and treatment-experienced patients (Tables 3
and 4), the U.S. Food and Drug Administration
(FDA) approved dolutegravir for the treatment
of HIV in adults.*®
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Table 4. Adverse events and select laboratory abnormalities associated with dolutegravir in phase 111 clinical trials'* '> '8
SINGLE SPRING-2 SAILING
Dolutegravir Efavirenz Dolutegravir Raltegravir Dolutegravir Raltegravir
(n = 414) (n =419 (n =411 (n=411) (n = 354) (n = 361)
Adverse event, %
Headache 13 13 12 12 9 9
Dizziness 9 35 6 6 - -
Insomnia 15 10 5 4 -
Abnormal dreams 7 17 - - - -
Nausea 14 14 14 13 8 8
Diarrhea 17 18 11 11 20 18
Fatigue 13 12 5 4 4 7
Nasopharyngitis 15 14 11 12 11 8
Discontinuation due to 2 10 2 1 3 4
adverse events, %
Laboratory abnormalities, %
ALT > 5 x ULN <1 <1 2 2 3 2
Serum creatinine + 0.11 0 +0.14 + 0.05 +0.13 + 0.06

Mean change from
baseline, mg/dl

ALT = alanine aminotransferase; ULN = upper limit of normal.

in treatment-naive patients.'> After 48 weeks,
both INSTIs had a similar safety profile; the
rates of serious adverse events in the dolutegra-
vir and raltegravir arms were 7% and 8%,
respectively. The most common adverse events
in both groups were nausea, headache, naso-
pharyngitis, and diarrhea. Discontinuation rates
due to serious adverse events were also low in
the two arms. Three patients (less than 1%) in
the dolutegravir arm and five patients (1%) in
the raltegravir arm discontinued study medica-
tion for treatment-related adverse events. The
mean change from baseline serum creatinine was
+0.14 mg/dl for dolutegravir and +0.05 mg/dl
for raltegravir; this difference between the two
arms was not statistically significant. Addition-
ally, there was no difference in the median
change in the urine albumin-to-creatinine ratio,
suggesting that the changes in serum creatinine
were benign. This is consistent with data from
PK studies of dolutegravir, which demonstrate
that changes in serum creatinine and renal func-
tion are clinically insignificant.**

The phase IIb VIKING study investigated the
safety and efficacy of dolutegravir 50 mg once/
day or twice/day in treatment-experienced
patients with documented raltegravir resis-
tance.'” At 24 weeks, adverse events of at least
grade 2 severity occurred more frequently with
twice/day (67%) as compared with once/day dos-
ing (48%); however, no dose-related trends were
observed with individual adverse events. In both
groups, serum creatinine increased slightly from
baseline within the first week and stabilized by
week 4 (mean increase 0.14 mg/dl in both
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arms). There were no study drug discontinua-
tions in either group due to adverse events,
including renal toxicity.

The phase III SAILING study compared dolu-
tegravir and raltegravir in treatment-experienced
patients.'®  Consistent with the results of
SPRING-2, the rate of serious adverse events
was similar in both groups at week 48 (9% vs
12%, respectively). The most common adverse
events were diarrhea, upper respiratory tract
infection, headache, and nausea. Both drugs
were well tolerated, and discontinuation rates
due to adverse events for both study drugs were
infrequent (3% and 4%, respectively). Laboratory
abnormalities were uncommon in both groups.
Small, statistically insignificant increases in base-
line serum creatinine were observed in the dolu-
tegravir and raltegravir arms (+0.1 and
+0.04 mg/dl, respectively; p value not reported).

Together, these clinical data demonstrate the
favorable safety profile of dolutegravir. The
most common adverse events are similar to
raltegravir.”® A small benign increase in serum
creatinine was observed in clinical trials, due to
inhibition of serum creatinine secretion by dolu-
tegravir,** suggesting the need for initial moni-
toring to establish a new baseline serum
creatinine within the first week of use. The
safety profile for twice/day dolutegravir should
be interpreted cautiously because the study
enrolled only 24 patients in that arm.'” Two
additional phase III studies are underway in
treatment-experienced patients that should fur-
ther characterize the safety profile of twice/day
dolutegravir in this patient population.”® >'

Petitioner Exhibit 1023

95U9017 SUOWILIOD SAIIa1D) 9]qedt[dde ay) Aq peusenob aJe e YO ‘88N Jo Sa|ni Joj Aeiq1 8UIIUO AS]IA UO (SUONIPUOI-PU-SWLBIW0D A8 | 1M AleIq Ul UO//SANy) SUOTIPUOD pue SWie | 8U1aeS *[2202/2T/yT] uo Ariqiauljuo As|im ‘96100 JelunH Aq 98€T"eyd/Z00T 0T/10p/wiod" A3 1M Aleid1jpuluo's fuino fdode/:sdny woiy pepeoumod ‘s ‘vT0Z ‘YTT6G.8T



DOLUTEGRAVIR: A NEW INTEGRASE STRAND TRANSFER INHIBITOR Shah et al 517

Resistance

Resistance to INSTIs occurs with single-point
mutations within the integrase gene. The three
most common raltegravir mutations (N155H,
Q148H/K/R, and Y143C/H/R) are associated with
virologic failure and reduced susceptibility to
raltegravir.”> Continuing raltegravir in these
patients may result in the development of addi-
tional mutations.”® Moreover, if the virus
harbors one or more of these mutations, cross-
resistance between raltegravir and elvitegravir
can occur.'” An in vitro study demonstrated that
dolutegravir has a higher genetic barrier to resis-
tance than raltegravir and elvitegravir, which
may be attributed to its significantly slower rate
of dissociation (540 times slower) from the in-
tegrase enzyme in viruses that are either wild
type or contain the N155, Q148, or Y143 muta-
tions.”®> Additionally, dolutegravir may undergo
slight conformational changes at the active site
to overcome the physical barrier created by
these single point mutations.’® These data sug-
gest that dolutegravir has limited cross-resis-
tance to raltegravir and elvitegravir.'”

No INSTI mutations were found in the
SPRING-1 trial through 48 and 96 weeks.'> >
In SPRING-2, the virologic failure rate for dolu-
tegravir was 5% compared with 8% for raltegra-
vir.'> There were no treatment-emergent INSTI
or NRTI mutations in patients with virologic
failure while taking dolutegravir. In contrast,
virologic failure in patients who received ralte-
gravir led to five treatment-emergent resistance
mutations. Resistance to raltegravir (n = 1, 6%)
and NRTIs (n =4, 21%) was observed. In the
SINGLE study, rates of virologic failure were
identical between both arms (4%).'* For patients
with virologic failure and genotypic results in
the dolutegravir arm (n = 9/18), no INSTI or
NRTI mutations were selected. Among the 17
patients with virologic failure in the efavirenz
arm, 9 had genotypic results, and 5 mutations
were identified (one NRTI [K65R] and four
NNRTI mutations).

The VIKING study provided data about the
effect of baseline raltegravir resistance on the
development of dolutegravir  resistance.'’
Virologic failure was more common with
once/day (n = 12, 44%) versus twice/day dolute-
gravir dosing (n = 5, 21%). Treatment-emergent
INSTI mutations occurred in 41% of patients (7 of
17) with virologic failure, five of whom had a
virus with both the Q148 mutation and at least
one additional raltegravir-associated mutation at
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baseline. Phenotypic resistance at time of viro-
logic failure, as measured by the fold increase in
the 50% inhibitory concentration of dolutegravir,
varied from 6.58-93. Although the most com-
monly acquired mutation was N155H, the great-
est increase in dolutegravir fold-change occurred
in patients with the Q148 mutation, whether the
Q148H mutation was present at baseline or
acquired during therapy.

The SAILING trial showed the difference in
treatment-emergent integrase mutations between
two INSTIs in treatment-experienced patients.18
Dolutegravir had a significantly lower rate of
virologic failure (4, 1.1%) with treatment-emer-
gent INSTI mutations compared with raltegravir
(17, 4.7%; p=0.003).

These data demonstrate that dolutegravir has a
higher genetic barrier to resistance compared
with raltegravir in treatment-naive and treatment-
experienced patients who experience virologic
failure. Based on preliminary clinical data from
the VIKING study, twice/day dolutegravir is pre-
ferred in patients with INSTI resistance at base-
line. Furthermore, the dolutegravir product
labeling warns clinicians of the poor virologic
response in patients who have the Q148 mutation
plus two or more additional INSTI-related muta-
tions.”® Therefore, providers should perform
genotypic and phenotypic resistance tests in treat-
ment-experienced patients prior to the initiation
of dolutegravir. Phase III studies that investigate
the use of dolutegravir for treatment-experienced
patients with raltegravir and/or elvitegravir resis-
tance are underway and will provide much
needed evidence to determine the place of dolute-
gravir in this patient population.’® !

Place in Therapy

Raltegravir is often used as part of an ART
regimen for both treatment-naive and treatment-
experienced patients because it is effective in
achieving virologic suppression, is well tolerated,
and has limited drug—drug interactions." > One
disadvantage is the need for twice/day dosing.
Because patients prefer once/day regimens, spe-
cifically single-tablet regimens, a single-tablet
regimen with another INSTI was developed.®®
This regimen, elvitegravir/cobicistat/tenofovir/
emtricitabine, was recently approved for the
management of treatment-naive patients.’ Like
raltegravir, elvitegravir is well tolerated. How-
ever, to be administered once/day, raltegravir
must be coadministered with the potent CYP3A4
inhibitor cobicistat, which can lead to clinically
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significant drug—drug interactions with ART and
other classes of medications.”” ° Dolutegravir
combines the advantages of both first-generation
INSTIs: it is well-tolerated and can be given
once/day without the use of a booster, thus lim-
iting the number of significant drug—drug inter-
actions. Moreover, a single-tablet dolutegravir/
abacavir/lamivudine regimen has been studied in
a phase III trial and is being pursued for
approval.'" '* The disadvantage of the dolute-
gravir single-tablet regimen, compared with
other single-tablet regimens, is the required
genetic screening for HLA-B*5701, which is
recommended prior to abacavir initiation."

Clinical studies of dolutegravir in treatment-
naive and treatment-experienced patients have
demonstrated its efficacy and safety."*'® Dolute-
gravir was the first ART found to be superior to
efavirenz for treatment-naive patients and to ralte-
gravir for treatment-experienced patients. In addi-
tion, dolutegravir has a higher genetic barrier to
resistance compared with raltegravir.!> '© '®
Early clinical data suggest that dolutegravir may
be effective for patients that harbor raltegravir-
resistant virus, and additional phase III studies
are underway to further delineate its role in
these patients.'” % °!

Although dolutegravir seems promising as a
treatment option, many questions remain. Fur-
ther studies are needed to compare the relative
efficacy and safety with Pl-based regimens; two
are currently underway comparing dolutegravir
with ritonavir-boosted atazanavir and darunavir
in treatment-naive patients.’” >® More clinical
data are needed in HIV-infected women and
minorities. A phase III study was recently initi-
ated to determine the safety and efficacy of dolu-
tegravir/abacavir/lamivudine as a single-tablet
regimen specifically in treatment-naive women.’®
Additional data are also needed in patients with
advanced HIV because this population was not
well represented in the phase III studies.
Furthermore, although dolutegravir achieves ade-
quate concentrations in the genital tract, no clini-
cal trials are underway to determine its role in
preexposure prophylaxis.** Lastly, dolutegravir
was approved for use in pediatric patients (age
12 years or older weighing 40 kg or more) based
on preliminary data from a phase I/I1 open-label
study. This ongoing study is evaluating the safety
and efficacy of dolutegravir in children, including
younger patients (age 6 weeks—12 years).”

Dolutegravir was approved by the FDA in
August 2013 for treatment-naive and treatment-
experienced patients.”® In October 2013, the
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DHHS added elvitegravir and dolutegravir as pre-
ferred agents for the management of treatment-
naive patients.® We believe that dolutegravir is a
highly attractive option among the preferred
agents for treatment-naive and treatment-experi-
enced patients because of its safety, efficacy, high
genetic barrier to resistance, and anticipated
availability as a single-tablet regimen.
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