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1. Executive Summary

Dolutegravir (DTG) is a new molecular entity in the integrase strand transfer inhibitor class, indicated for
the treatment of HIV-1. Two other drugs in this same class, raltegravir and elvitegravir (as a component
of a fixed-dose combination product, Stribild®) are approved and marketed in the U.S. The proposed
dosing regimen of DTG, in combination with other antiretroviral therapy agents for the treatment of HIV-

1 infection in adults and children > 12 years of age (weighing at least 40 kg) is based on prior treatment

experience.

Treatment-naive adults: DTG 50 mg once daily

Treatment-experienced, integrase inhibitor (INI)-naive adults: DTG 50 mg once daily

Integrase inhibitor (INI)-experienced adults: DTG 50 mg twice daily

Treatment-naive or treatment-experienced and integrase inhibitor (INI)-naive children 12 to < 18
years of age and weighing > 40 kg: DTG 50 mg once daily

The following is a list of studies conducted by the applicant in support of this NDA.

Twenty-nine in vitro studies investigating metabolic pathways using supersomes, microsomes
and hepatocytes; the potential for CYP induction, inhibition, transporter inhibition (P-gp, OCT]1,
OCT2, OATP1BI1, OATP1B3, MRP2 and BCRP), P-gp transport, and plasma protein binding
were evaluated

Ten phase I studies including single and multiple ascending dose studies in healthy volunteers,
food effect studies, tissue distribution, relative bioavailability of various formulations of DTG and
a mass balance study

One hepatic impairment study conducted in subjects with moderate hepatic impairment and one
renal impairment study conducted in subjects with severe renal impairment

One thorough QTc study and one study investigating the effects of DTG on renal function
Seventeen drug interaction studies with commonly co-administered drugs in the patient
population (other anti-retrovirals, oral contraceptive, methadone, antacids, and rifampin) and a
sensitive CYP3A4 substrate (midazolam).

Three phase 2 studies in which the safety and efficacy of DTG were evaluated (including proof
of concept and dose ranging studies)

Four pivotal phase 3 studies (in the following populations: 2 in treatment naive, 1 in treatment-
experienced and INI-naive, and 1 in INI-experienced)

One pediatric study investigating the pharmacokinetics (PK), safety and tolerability of DTG in
adolescents

Two population pharmacokinetics (popPK) analysis reports

One meta-analysis report for the effects of CYP/UGT polymorphism on the pharmacokinetics of
DTG
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1.1 Recommendations

The Office of Clinical Pharmacology (OCP) has reviewed this submission and has concluded that the
application is acceptable from a clinical pharmacology perspective. The OCP has proposed some
revisions to the labeling text that are pending the applicant’s agreement.

1.2 Phase 4 Commitments

The post-marketing commitments are under discussion at the time of this review.

1.3 Summary of Important Clinical Pharmacology and Biopharmaceutics Findings

ADME

Absorption
Following oral administration of tablet formulations, DTG is absorbed with no absorption lag time and a

median tmax of 2 to 3 hours post dose. DTG absorption is increased with co-administration of food.
Administration of DTG at a single dose of 50 mg with a low fat, moderate fat and high fat meal increased
DTG AUC by 33%, 41%, and 66%, respectively. The moderate food effect is not considered clinically
significant; therefore DTG can be taken without regard to food. Dosing separation is needed when DTG is
to be given together with polyvalent cation containing drugs including cation-based antacids, oral iron
supplements, oral calcium supplements, and buffered medication due to DTG’s chelation with polyvalent
cations. DTG should be taken 2 hours before or 6 hours after the dose of polyvalent cation-containing
drugs.

Distribution

The apparent volume of distribution is estimated at 17.4 L after administration of DTG in a tablet
formulation. DTG is highly bound to human plasma proteins (approximately 99.3%) in vitro. The free
fraction of DTG in plasma is estimated at ~0.23% to 1.10% in healthy subjects, ~0.4 to 0.5% in subjects
with moderate hepatic impairment, 0.84 to 1.01% in subjects with severe renal impairment, and 0.49% in
HIV-positive subjects.

DTG is present in cerebrospinal fluid (CSF) and in the genital tract. DTG concentration in CSF averaged
18 ng/mL at steady state. CSF:plasma concentration ratio of DTG ranged from 0.11% to 0.66%. DTG is
also present in the female and male genital tract. DTG exposure (expressed as AUC) in cervicovaginal
fluid, cervical tissue, and vaginal tissue was 6%, 10%, and 9%, respectively, of that in plasma at steady
state. DTG exposure in seminal fluid and rectal mucosal tissue was 7% and 17%, respectively, of that in
plasma at steady state.The clinical relevance of these findings is unknown at this time.

Metabolism and Excretion

The mass balance study results indicated that 53% percent of the total oral dose is excreted as unchanged
DTG in feces. Thirty-one percent of the total oral dose is excreted in urine, represented by the
glucuronide metabolite of DTG (18.9% of total dose), N-dealkylated metabolite (3.6% of total dose), a
metabolite formed by oxidation at the benzylic carbon (3.0% of total dose), and other minor metabolites.

4
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Renal elimination of unchanged DTG represents less than 1% of the total dose administered. DTG is
primarily metabolized via UGT1A1 with CYP3A4 as a secondary metabolic pathway (approximately
10% in a human mass balance study).

DTG has a terminal half-life of ~14 hours and a low apparent clearance (CL/F) of 0.56 L/hr. The hepatic
extraction ratio of DTG is low (lower than 2%). As CYP3A-mediated metabolism represents only a minor
route of elimination of DTG (less than 10% of a total oral dose), first-pass metabolism of DTG following
oral dosing is expected to be low.

Intrinsic and Extrinsic Factors

Population pharmacokinetic analyses using pooled pharmacokinetic data from Phase II and Phase III
adult trials identified weight, age, gender, albumin levels, and smoking status as statistically significant
covariates of DTG exposures. However, these factors resulted in changes in DTG exposures less than
30% and are not considered clinically significant. The analyses indicated that race/ethnicity, HCV co-
infection, CDC classification of HIV infection, creatinine clearance (CrCL), ALT, or AST did not
influence the exposure of DTG. There were limited PK data from subjects with HBV co-infection (n=8,
1%) and subjects above 65 years of age (n=1).

Drug-Drug Interactions

Effect of Dolutegravir on the Pharmacokinetics of Other Agents

In general, DTG has a low potential to cause drug interactions. In vitro, DTG demonstrated little or no
direct inhibition of major drug metabolizing enzymes (CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9,
CYP2C19, CYP2D6, CYP3A, UGT1A1 or UGT2B7) or major transporters (BCRP, MRP2, OATP1B1,
OATPIB3, OCT1, and P-gp). In vitro, DTG did not induce CYP1A2, CYP2B6 or CYP3A4.

In vitro, DTG inhibited the renal organic cation transporter 2 (OCT2, IC5,=1.9 uM or 0.82 ug/mL). This
value is lower than the C,,,x of DTG observed in the phase III trials (3.6 pg/mL and 4.1 pg/mL at 50 mg
g.d. and 50 mg b.i.d, respectively) by approximately 5-fold. Based on this observation, DTG may increase
plasma concentrations of drugs for which excretion is highly dependent on transport by OCT2, such as
dofetilide and metformin.

Effect of Other Agents on the Pharmacokinetics of Dolutegravir and Dose Recommendations

DTG is eliminated mainly through metabolism by UGT1A1 with CYP3A4 as a minor route. DTG is also
a substrate of UGT1A3, UGT1A9, P-gp, and BCRP; therefore drugs that affect UGT1A1, UGT1A3,
UGT1A9, CYP3A4, P-gp, and/or BCRP may theoretically affect DTG plasma concentration.

Moderate to strong inducers of UGT1A1 and/or CYP3A4, such as etravirine (ETR), efavirenz (EFV),
fosamprenavir/ritonavir (FPV/rtv), tipranavir/ritonavir (TPV/rtv), and rifampin (RIF), reduced the plasma
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concentrations of DTG. The PopPK analysis using Study ING111762 data indicated that subjects
receiving DTG 50 mg once daily in combination with TPV/rtv and EFV had significantly lower Cg, and
lower virologic response. The analysis also indicated that use of fosamprenavir/ritonavir (FPV/rtv) was
associated with significantly lower Cg, although the effects on virologic response were inconclusive due
to limited number of subjects. Based on the results of the drug interaction studies as well as the PopPK
analysis, DTG 50 mg twice daily dosing is recommended in INI-naive subjects (either ARV-naive or
ARV-experienced) receiving DTG in combination with EFV, FPV/rtv, or TPV/rtv. As RIF reduced DTG
exposure to a similar extent as TPV/rtv and EFV, DTG 50 mg twice daily is also recommended for
subjects who require RIF therapy for treatment of tuberculosis infection. Caution is warranted when those
moderate to strong inducers are used with the DTG 50 mg twice daily dose in INI-experienced subjects.

Etravirine (ETR) reduced DTG Ct by more than 80%; however, the effect of ETR was mitigated by co-
administration of lopinavir/ritonavir (LPV/rtv) and darunavir/ritonavir (DRV/rtv). Additionally, the
UGT1A1 inhibitor, atazanavir (ATV) or ATV/rtv increased DTG AUC by 62% and 91%, respectively.
Thus, the co-administration of DTG 50 mg once daily with ETR is not recommended unless the regimen
includes atazanavir/ritonavir (ATV/rtv), LPV/rtv or DRV/rtv.

Fig 1. The effects of co-administered drugs (non-inducers) on the pharmacokinetics of dolutegravir
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TDF 300mg QD

Multivitamins One-a-Day

Maalox 20mL

Maalox 2 hrs after 20mL

OMP 40 mg QD

ATV/RTV 300/100mg QD

ATV 400mg QD

BCV 800mg q8h

TVR 750mg q8h
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Fig 2. The effects of co-administered drugs (inducers) on the pharmacokinetics of dolutegravir
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DRV; darunavir, RTV; ritonavir, ETR; etravirine, LPV; lopinavir, TPV; tipranavir, RPV;rilpivirine, EFV; efavirenz, FPV;
fosamprenavir, RIF;rifampin, RBT; rifabutin.

Pharmacodynamic effects

Effect of DTG on Cardiac Conduction (QT prolongation)

DTG did not prolong the QTc interval for 24 hours post dose after a single supratherapeutic dose of DTG
250 mg as suspension. After baseline and placebo adjustment, the maximum mean QTc change based on
QTCcF was 2.4 msec (one-sided 95% upper CI: 4.9 msec).

Effect of DTG on Renal Function

A modest decrease (10-15%) in creatinine clearance (CrCL) was observed with repeated DTG dosing in
clinical studies. The applicant hypothesized that this is due to inhibition of the organic cation transporter 2
(OCT?2) in the proximal renal tubules, which mediates the tubular secretion of creatinine. A study
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examining the effect of DTG on serum creatinine (SCr), glomerular filtration rate (GFR) using iohexol as
the probe, and effective renal plasma flow (ERPF) using para-aminohippurate (PAH) as the probe was
conducted in healthy volunteers receiving DTG 50 mg once daily or twice daily for 14 days. A modest
decrease (approximately 10-15%) in CrCL was observed with DTG within the first week of treatment,
consistent with that observed in clinical studies. DTG at both doses had no significant effect on actual
GFR or ERPF. These data support in vitro studies which suggest that the decrease in CrCL observed in
clinical studies are likely due to OCT2 inhibition and the changes likely do not pose significant safety
concerns. No significant renal safety issues were observed throughout the development of the product.

Specific Populations

Pediatrics

The pharmacokinetics of DTG in antiretroviral treatment-experienced, INI-naive HIV-

1 infected pediatric subjects 12 to <18 years of age (n=10) was assessed (study P1093, ING112578) with
weight-based dosing of ~1 mg/kg (maximum 50 mg) daily. In 9 children weighing at least 40 kg, a DTG
50 mg once daily dose resulted in DTG exposure comparable to the predefined target range based on data
in adults receiving DTG 50 mg once daily. Eight of 10 subjects achieved virologic suppression (HIV-1
RNA <400 c/mL) at Week 24, with 7 of 10 subjects achieving HIV-1 RNA <50 copies/mL. DTG was
safe and well-tolerated in children 12 to <18 years of age. The PK and antiviral activity data support the
use of DTG 50 mg once daily in treatment-naive or treatment-experienced, INI-naive patients aged 12
years and older and weighing at least 40 kg.

Renal impairment

A study of the pharmacokinetics of DTG was performed in subjects with severe renal impairment (CLcr
<30 mL/min, not on dialysis) and matched healthy adult controls. The AUC, C,., and C,4 of DTG was
unexpectedly decreased by 40%, 23% and 44% respectively in subjects with severe renal impairment
compared to matched healthy subjects. The cause of the decreased DTG exposure in subjects with renal
impairment is unknown.

The PopPK analysis indicated that subjects with moderate and mild renal impairment (creatinine
clearance 30 to < 60, and 60 to < 90 mL/min) showed no difference in DTG exposure compared to
subjects with normal creatinine clearance. This supports use of DTG in patients with moderate to mild
renal impairment without a dose adjustment.

Based on the exposure-response relationship, no dose adjustment of DTG is needed in treatment-naive or
treatment-experienced, INI-naive patients with severe renal impairment (not on dialysis). Caution is
warranted when DTG is used in INI-experienced patients with severe renal impairment as such decreases
may compromise efficacy.

Hepatic impairment
In a trial comparing DTG PK in subjects with moderate hepatic impairment (Child-Pugh Grade B) to
matched healthy adult controls, the exposure of DTG was similar between the two groups after a single
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dose 50 mg administration. No dosage adjustment is necessary for patients with mild to moderate hepatic
impairment (Child Pugh grade A or B). The effect of severe hepatic impairment on the pharmacokinetics
of DTG has not been studied and thus DTG is not recommended for use in patients with severe hepatic
impairment.

Dose Selection
The 50 mg once daily dose for DTG in ART-naive and ART-experienced/INI-naive subjects was selected
based on the following study results:
e Instudy ING111521, 10-day DTG monotherapy in ART-naive or ART-experienced/ INI-naive
patients demonstrated increasing antiviral activity with increasing dose. DTG 2 mg, 10 mg, and
50 mg doses resulted in 1.54, 2.04, and 2.48 log;, copies/mL declines in HIV viral load,
respectively. A PK/PD analysis using a maximum effect (Emax) model indicated that the 50 mg
dose was on the plateau of the concentration-response curve after 10 days monotherapy. The 50
mg once daily dose achieved an inhibitory quotient of 19, providing considerable coverage above
the target concentration of 0.064 ng/ml (protein-adjusted 1C90).
e Instudy ING112276 (a Phase IIb dose-ranging study in treatment-naive subjects), DTG at doses
of 10 mg, 25 mg, and 50 mg once daily with 2 NRTIs all demonstrated similar antiviral responses
(91%, 88%, and 90% at week 48 with no evidence of a dose response relationship for efficacy
and safety). The 50 mg once daily regimen was selected for phase 111 trials to accommodate a
decrease in DTG due to drug interactions, imperfect adherence or other causes.

The 50 mg BID regimen selection for DTG in INI-experienced subjects was based on the following study
results:
e In study ING11296, INI-experienced patients taking DTG 50 mg once daily (cohort I) resulted in

a lower response rate as compared with response rates in treatment-naive or treatment-experience
INI-naive subjects (41% vs. > 79%) after 24 weeks of treatment. This was due to some subjects
harboring INI-resistant virus, which required higher drug concentrations due to lower
susceptibility to DTG. A higher response rate (75%) was observed in cohort II (50 mg twice
daily) without an overt increase in clinical or laboratory adverse events (AEs) compared to the 50
mg once daily regimen.

PK/PD Relationship for Efficacy

INI-Naive Subjects

In treatment naive patients who received DTG 50 mg q.d. with 2 NRTIs (nucleoside reverse transcriptase
inhibitors), a flat exposure response was observed over the observed Cg, range. In ARV-experienced, INI-
naive patients who received DTG 50 mg q.d. with an optimized background regimen, Cy, was a
statistically significant predictor of antiviral response at Week 24. This relationship was primarily
influenced by a subset of subjects with DTG Cg, measurements below the limit of quantification or with
moderate or strong inducers in the background regimen. Specifically, the use of moderate to strong
inducers, such as TPV/rtv and EFV, in the background therapy was associated with reduced Cg, and
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reduced virologic efficacy. Use of FPV/rtv was also associated with significantly low Cg,, but the small
number of subjects limited the evaluation of effects of low Cg, on virologic efficacy.

INI-experienced Subjects

The applicant conducted a Phase IIb and a Phase III trial (ING112961 and ING112574) in treatment-
experienced, INI-experienced HIV-1 infected subjects to support the selected DTG 50 mg BID dose.
ING112961 included DTG PK from 51 subjects administered DTG 50 mg QD or BID given in
combination with at least one active agent in the optimized background therapy (OBT). The response
observed in the lowest quartile (51%) was comprised of subjects predominantly from the 50 mg QD
treatment arm (41%, n/N=11/27, geometric mean of Cg, in the lowest quartile: 1.14 ug/mL) while a higher
response rate was observed in the upper quartiles consisting of subjects administered 50 mg BID
(response rate 63-68%; Co, 2.29 pg/mL). This observation supports the use of 50 mg BID in the
treatment-experienced, integrase inhibitor-experienced population.

In the Phase III study (ING112574) evaluating DTG 50 mg twice daily, plasma DTG Cy, was not
predictive of Day 8 (n=183) or Week 24 (n=114) antiviral response. However, a relationship between
inhibitory quotient (IQ) values [the IQ is the ratio of Cg, (exposure) at steady state and ECs, (a
measurement of the ability of DTG to inhibit HIV-1 virus)] and virologic success was observed. The
differences in 1Q values in each quartile were primarily driven by changes in ECsy due to the baseline
susceptibility changes with specific mutations. The average Cy, values were 1.84, 2.25, 2.34, and 3.86
pg/mL in 1%, 2™, 3" and 4™ quartile respectively, while average ECs, values were 5.11, 1.38, 0.96 and
0.71 ug/mL in the corresponding quartiles.

A decrease in overall response rate was observed between those subjects with a Q148 mutation and one or
more additional integrase inhibitor mutations (19-43%) compared to the remaining subjects (74-83%)
despite similar exposure across the treatment groups (DTG Cyy,: 2.26-2.53 pg/mL).

PK/PD Relationship for Safety

Plasma DTG exposure was not correlated with the presence of the most frequent AEs including diarrhea,
nausea, and headache or with most clinical laboratory tests of interest.

2. Question Based Review

2.1 General Attributes of the Drug

2.1.1. What are the highlights of the chemistry and physical-chemical properties of the drug
substance and the formulation of the drug product as they relate to clinical pharmacology and
biopharmaceutics review?

11
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DTG sodium is a polycyclic, nitrogen containing heterocycle possessing amide functionality. It is white
to light yellowish white powder. DTG possesses two chiral centers and has potential for
stereoisomerism (one enantiomer and two diastercomers).

Formula and molecular weight
CyH13F2N3NaOs (441.36 g/mol as DTG sodium, 419.38 as DTG free acid)

Chemical name (JUPAC name)
Sodium (4R, 12aS)-9-{[(2,4-difluorophenyl)methyl]carbamoyl}-4-methyl-6,8-diox0-3,4,6,8,12,12a-
hexahydro-2H-pyrido[1°,2":4,5]pyrazino[2,1-b][1,3]oxazol-7-olate

Chemical structure

ONa O CH,
oSS S
N N :
o
O
Solubility profile:
The solubilities of ®® DTG sodium in various solvents at 25 °C are provided below.

Table 2.1.1-1 Solubility of DTG sodium in various solvents at 25°C

Solvent Solution pH | Solubility (mg/mL) Descriptor

Methanol 0.499 Very slightly soluble

Ethanol 0.076 Practically insoluble

2-propanol 0.009 Practically insoluble

Acetonitrile 0.006 Practically insoluble

Water 3.176 Slightly soluble at pH 5.0 and 6.5

Practically insoluble at pH 1.2 in
aqueous media

FaSSIF 6.5 0.239 Very slightly soluble
(Fasted State simulated
intestinal fluid)

FeSSIF 5.0 0.170 Very slightly soluble
(Fed state simulate
intestinal fluid)

SGF (Simulated gastric | 1.2 0.021 Practically insoluble
fluid)

Partition Coefficient (Log P)
2.16 £0.01 at 23°C

Composition of DTG 50 mg tablets used in Phase III studies
12
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The formulation used in pivotal phase III studies is identical to the commercial formulation with the
following exceptions.
e The phase III tablet is deep convex round and the commercial tablet is normal convex round

e The phase III tablet is film coated and
the commercial tablet is film coate

Table 2.1.1-2 Composition of DTG 50 mg tablets used in Phase III studies

Component Quantity
mg/tablet
Strength (as free base) 50 mg

Dolutegravir sodiuma 526
d-Mannitol

Microcrystalline cellulose
Povidone

Sodium stearyl fumarate

Total (mg/tablet)®

d.  The tablet shape for Phase lll clinical tablets is a deep convex, the tablet shape for NDA
Stability/Gommercial tablets is normal convex. Both images are debossed with SV 572 on one side and 50
on the other side.

2.1.2. What are the proposed mechanism(s) of action and therapeutic indication(s)?

DTG is an inhibitor of HIV integrase strand transfer and inhibits the integrase catalyzed viral DNA strand
transfer with ICs, values in the nanomolar range (2.7 to 12.6 nM) in vitro. The applicant is seeking
indications for DTG in combination with other antiretrovirals for the treatment of HIV-1.

2.1.3. What are the proposed dosage(s) and route(s) of administration?

The proposed dosing regimen of DTG, in combination with other antiretroviral therapy agents, for the
treatment of HIV infection in adults and children > 12 years of age (weighing at least 40 kg) is based on
prior treatment experience. DTG can be taken without regard to meals.

e Treatment-naive adults: DTG 50 mg once daily
13
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e Treatment-experienced, integrase inhibitor-naive adults: DTG 50 mg once daily

o Integrase inhibitor-experienced adults: DTG 50 mg twice daily

e Treatment-naive or treatment-experienced, integrase inhibitor-naive patients of 12 to < 18 years
of age and weighing > 40 kg: DTG 50 mg once daily

2.2 General Clinical Pharmacology

2.2.1 What are the design features of the clinical pharmacology and clinical studies used to
support dosing or claims?

The applicant conducted the following clinical studies to support this NDA

e Twenty-nine in vitro studies investigating metabolic pathway using supersomes, microsomes
and hepatocytes; the potential for CYP induction, inhibition, transporter inhibition (P-gp,
OCT1, OCT2, OATP1B1. OATP1B3, MRP2 and BCRP), P-gp transport, and plasma protein
binding were evaluated.

e Ten phase I studies including single and multiple ascending dose studies in healthy
volunteers, food effect studies, tissue distribution, and relative bioavailability of various
formulation and dosing regimens of DTG and a mass balance study.

e One hepatic impairment study conducted in subjects with moderate hepatic impairment and
one renal impairment study conducted in subjects with severe renal impairment.

e One thorough QTc¢ studies and one study investigating the effects of DTG on renal function.

e Seventeen drug interaction studies with commonly co-administered drugs in the patient
population (other anti-retrovirals, oral contraceptive, methadone, antacids, and rifampin) and
a sensitive CYP3 A4 substrate (midazolam).

e Three phase 2 studies in which the safety and efficacy of DTG were evaluated (proof of
concept and dose ranging studies).

e Four pivotal phase 3 studies (in the following populations: 2 in treatment naive, 1 in
treatment-experienced and INI-naive, and 1 in INI-experienced).

e One pediatric study investigating the PK, safety and tolerability of DTG in adolescents

e Two PopPK analysis reports.

e One meta-analysis report for the effects of CYP/UGT polymorphism on the pharmacokinetics of
DTG.

The key findings in efficacy and safety from Phase III pivotal trials are summarized below.

1. Phase 111 (ING113086)-SPRING2

Study design
ING113086 is a Phase III randomized, double-blind, double-dummy, active-controlled, multicenter,

parallel group, fully-powered non-inferiority study in HIV-1 infected antiretroviral treatment
(ART)-naive subjects. Subjects were randomized 1:1 to receive DTG 50 mg once daily or
raltegravir (RAL) 400 mg twice daily, both in combination with fixed-dose dual NRTI therapy
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[either abacavir (ABC)/lamivudine (3TC) or tenofovir (TDF)/emtricitabine (FTC), selected by
investigators] for 96 weeks.

Efficacy results
In this study, DTG has shown non-inferior efficacy and a safety profile similar to RAL; at 48 weeks,

88% of study participants on the DTG arm were virologically suppressed (<50 copies/mL) vs. 85%
of participants on the raltegravir arm [no statistical difference, 95% CI; 2.5% (-2.2% to +7.1%)].
DTG performed as well as RAL regardless of baseline viral load or background dual NRTI. DTG
performed as well as RAL across demographic subgroups, including race, gender, age, HIV risk
factors, Baseline CD4+ cell count and Baseline CDC category. No treatment emergent primary INI
or NRTI resistance mutations were observed for those subjects on DTG with PDVF (protocol
defined virologic failure).

Table 2.2.1-1 Summary of study outcomes (HIV-1 RNA < 50c/mL) at week 48 (ITT-E
population) in ING113086

DTG RAL
50 mg once daily 400 mg BID

N=411 N=411

Outcome at Week 48 n (%) n (%)

Virologic Success 361 (88) 351 (89)
Virologic Non-Response? 20 (5) 31(8)
Data in window not <50 ¢/mL 8(2) 5(1)
Discontinued for lack of efficacy 5(1) 13 (3)
Discontinued for other reason while not <50 ¢/mL 2 (1) 11(3)
Change in ART 5(1) 2(<1)
No Virologic Data at Week 48 30(7) 29 (7)
Discontinued due to Adverse Event or Death 9(2) 6 (1)
Discontinued for Other Reasons 21(5) 23 (6)

Safety results
DTG demonstrated a safety and tolerability profile that was similar to that of RAL over the period

of the study. Based on Week 48 data, the most commonly reported clinical AEs among subjects in
both study groups were nausea, headache, diarrhea and nasopharyngitis, with no appreciable
difference between treatment groups. Preclinical evidence for GI toxicity with DTG use did not
translate into significant clinical findings for DTG in this trial.

2. Phase 111 (ING114467)-SINGLE
Study design

This was a randomized, double-blind, double-dummy, active-controlled, multicenter, parallel group
non inferiority study to assess safety and efficacy of DTG plus ABC/3TC fixed dose combination
therapy versus Atripla® (a fixed dose combination product of efavirenz, emtricitabine, and
tenofovir disoproxil fumarate) over 48 weeks in HIV-1 infected ARV naive patients.
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Efficacy Results
At 48 weeks, 88% of study participants on the DTG + ABC/3TC regimen were virologically

suppressed (<50 copies/mL) vs. 81% of participants on the single tablet regimen Atripla [difference
and 95% CI were 7.4% (+2.5% to +12.3%), p=0.003]. The differences in efficacy were primarily
driven by a higher rate of discontinuation due to AEs on the Atripla arm. Response rates on
DTG+ABC/3TC and Atripla were consistent across the baseline stratification factors (i.e., viral load
and CD4+ cell count) as well as demographic subgroups (race, gender, age, baseline CDC
category). CD4+ recovery was significantly higher in the DTG + ABC/3TC arm at Week 48. No
treatment emergent primary INI or NRTI resistance mutations were observed for those subjects on
DTG + ABC/3TC with protocol defined virologic failure (PDVF).

Table 2.2.1-2 Summary of study outcomes (plasma HIV-1RNA < 50 ¢/mL) at week 48
snapshot analysis (ITT-E population) in ING114467

DTG Atripla
Outcome at Week 48 50 m%:?ﬁida"y on“clqulz;lly

n (%) n (%)
Virologic Success 364 (88) 338 (81)
Virologic Non-Response? 21(5) 26 (6)
Data in window not <50 ¢/mL 6 (1) 5(1)
Discontinued for lack of efficacy 7(2) 9(2)
Discontinued for other reason while not <50 ¢/mL 8(2) 12 (3)
No Virologic Data at Week 48 29 (7 55(13)
Discontinued due to Adverse Event or Death 9(2) 40 (10)
Discontinued for Other Reasons 20 (5) 14 (3)
Missing data during window but on study 0 1(<1)

Safety Results
DTG+ABC/3TC showed a safety and tolerability profile that was generally favorable to that of Atripla

over the period of the study. The superiority of the DTG+ABC/3TC efficacy response rate was due to a
higher rate of discontinuation due to adverse events (AEs) or death on the Atripla arm; specifically from
the psychiatric disorders, nervous system disorders, gastrointestinal disorders and general disorders.
Nervous system and psychiatric disorders were more frequent with Atripla, with the exception of
insomnia, which was more frequent with DTG+ABC/3TC.

3. Phase 111 (ING111762)-SAILING

Study Design
This was a randomized, double-blind study of the safety and efficacy of DTG 50 mg once daily

versus raltegravir 400 mg twice daily, both administered with an investigator-selected background
regimen (based on screening and historic resistance results) over 48 weeks in HIV-1 infected
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integrase inhibitor-naive, antiretroviral therapy-experienced adults. The background therapy was
limited to no more than two antiretroviral agents.

Efficacy Results
There was a statistically significant difference in favor of DTG (79%) compared to the RAL

treatment group (70%) using the Snapshot algorithm of the proportion of subjects with plasma HIV-
1 RNA < 50c/mL at week 24. The adjusted treatment difference was 9.7% [90% CI (93.4, 15.9),
p=0.003]. The subgroup analysis indicated that the overall treatment difference in favor of DTG was
maintained across the subgroups (baseline HIV-1 RNA, gender, and race) except subjects > 50 years
old (comparable between DTG and RAL) or subjects with less than 70% adherence (assessed by a
pill count).

DTG exhibited a higher barrier to treatment failure than RAL; the proportion of subjects harboring
virus with evidence of INI resistance by week 24 was statistically greater for RAL compared to
DTG, with 0.6% (2/354) of subjects receiving DTG and 2.8% (10/361) of subjects receiving RAL
harboring treatment emergent genotypic or phenotypic INI resistance at the time of protocol-defined
virologic failure.

Table 2.2.1-3 Summary of study outcomes (HIVV-1 RNA < 50 copies/mL) at week 48 (ITT-E
population) in ING111762

Safety Results

DTG RAL
N=354 N=361
Virologic Success 281 (79%) 252 (70%)
Virologic Failure 53 (14%) 86 (24%)
Data in window not below threshold 40 (11%) 66 (18%)
Discontinued for lack of efficacy 2 (<1%) 4 (1%)
Discontinued for other reason while 7 (2%) 6 (2%)
not below threshold
Change in ART 4 (1%) 10 (3%)
No Virologic Data at Week 24 20 (6%) 23 (6%)
Discontinued due to AE or Death 6 (2%) 9 (2%)
Discontinued for Other Reasons 12 (3%) 11 (3%)
Missing data during window 2 (<1%) 3 (<1%)

The safety profile for DTG was similar to RAL, with similar rates of occurrence in both arms. The
most common AEs were diarrhea, nausea, vomiting, and fatigue. The rates of discontinuation due to
AEs were low for both arms (2% in DTG, 4% in RAL)

4. ING112575 (VIKING-3)
Study design
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This study is a multicenter, single arm, open-label study to assess the antiviral activity and safety of
a DTG containing regimen in HIV-1 infected, ART-experienced adults who have experienced
virological failure on an INI containing regimen with historical or current evidence of genotypic
and/or phenotypic resistance to RAL or EVG. Subjects must have had documented genotypic
and/or phenotypic resistance to at least one compound in two or more of the other approved classes
of ART but must also have been able to include at least one active drug in the OBR (optimized
background regimen) to be commenced at Day 8.

Efficacy Results

The majority of subjects with RAL and/or EVG resistant virus showed a response to DTG 50 mg BID
administered with failing background therapy on Day 8 and with OBR thereafter. The mean HIV-1 RNA
reduction at Day 8 was 1.4 log10 c¢/mL and 63% achieved <50 c/mL by Week 24. Immune recovery was
observed with median CD4 cell increase of 65 cells/mm’ at Week 24.

Multivariate analyses indicated baseline resistance to DTG to be the strongest predictor of response at
both Day 8 and Week 24. Higher FC (fold change) in susceptibility to DTG and the presence of virus with
Q148+2 mutations significantly reduced the antiviral responses. Please refer to section 2.2.4 for detailed
information.

Table 2.2.1-4 Summary of study outcomes (HIV-1 RNA < 50c/mL) at week 24 (ITT-E population)

in ING112575
Outcome 50 mg DTG BID N=114
N (%)
Virological success 72 (63)
Virological Failure (Non-response)
Data in window not below threshold (< 50¢c/mL) 37 (32)
Discontinued for lack of efficacy 23 (20)
Discontinued for other reason while not below threshold 6 (5)
Change in ART 2(2)
6 (5)
No virological data at week 24 5(4)
Discontinued study due to AE or death 5 (4)

Safety Results

DTG 50 mg BID was well tolerated in this INI-experienced population. The safety profile observed for
DTG 50 mg BID in INI-experienced subjects was similar to that described for DTG 50 mg once daily
from 48 Week data in ARV-naive subjects participating ING113086 and ING114467.

2.2.2 What is the basis for selecting the response endpoints (i.e., clinical or surrogate endpoints)
or biomarkers (collectively called pharmacodynamics (PD)) and how are they measured in clinical
pharmacology and clinical studies?
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The primary efficacy endpoint was the proportion of subjects achieving and maintaining HIV-1 RNA <
50 copies/mL through Week 48. The quantitation of plasma HIV-1 RNA has been validated as a
surrogate marker for the efficacy of HIV-1 drugs.

2.2.3 Are the active moieties in the plasma (or other biological fluid) appropriately identified and
measured to assess pharmacokinetic parameters and exposure response relationships?

Plasma DTG concentration and its major metabolite (DTG-glucuronide) were measured using validated
HPLC-MS/MS methods. Other medications used in drug interaction studies were also all measured
using validated analytical methods.

2.2.4 EXxposure-response

2.2.4.1 What are characteristics of the exposure response relationships (dose-response,
concentration-reponse) for efficacy? Does the dolutegravir (DTG) exposure-response relationship
with virologic outcome (percent of subjects <50 HIV-1 copies/mL at week 48) support the selected
DTG dose in treatment-naive, treatment-experienced/integrase naive, and treatment-experienced/
integrase-experienced HIV-1 infected subjects?

Yes, the trials conducted by the applicant in treatment-naive and treatment-experienced/ integrase-naive
subjects supports DTG 50 mg QD, though addition DTG dose adjustments (DTG 50 mg BID) are
recommended for subjects on regimens containing fosamprenavir. In addition, the results of the
applicant’s Phase IIb and Phase III trial in treatment-experienced/integrase inhibitor-experienced subjects
support the use of DGT 50 mg BID in this population. Details of the exposure-response analyses for each
of these populations is described more below.

Treatment-naive

The applicant conducted three Phase IIb and III trials (ING112276, ING113086, and ING114467) in
treatment-naive HIV-1 infected subjects to support the selected DTG 50 mg QD dose. ING114467 did not
include DTG PK collection and was excluded from this exposure-response analysis. ING112276
included DTG PK from 141 subjects (out of 155) administered DTG 10, 25, or 50 mg QD with a
background NRTI regimen of tenofovir/emtricitabine (TDF/FTC) or abacavir/lamivudine (ABC/3TC).
ING113086 included DTG PK from 403 subjects (out of 411) administered DTG 50 mg QD with a
background NRTI regimen of TDF/FTC or ABC/3TC. Using DTG PK data from ING112276 and
ING113086, a flat exposure response was observed over the DTG exposure range (Figure 2.2.4.1-1, left).
Geometric mean Cg, for DTG 10, 25, and 50 mg QD was 0.31, 0.53, and 1.11 ug/mL, respectively, with a
model predicted response rate of 90-91% over the exposure range. These predictions are similar to those
observed from the combined study results in subjects with PK data available (89-91% over DTG 10, 25,
and 50 mg QD). The predicted virologic response in the lowest DTG exposure quartile was 90% which
was within the range of response rates for all other quartile with higher DTG exposure (82-94%).
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The only significant factors for predicting virologic success were baseline viral load (higher baseline viral
load associated with a lower response rate) and baseline CD4" count (lower CD4" count was associated
with a lower response rate); however, these are known covariates that impact response based and do not
necessitate any DTG dose adjustments. A flat exposure-response relationship was also identified between
virologic failure and DTG Cyy, (Figure 2.2.4.1-1, right). Similar flat-exposure response relationships were
observed for virologic success and virologic failure when using DTG AUC as the independent variable.
There was insufficient data regarding baseline DTG susceptibility (e.g., ECso; n=20) to evaluate
relationships between ECsy and response from the treatment-naive trials.

Figure 2.2.4.1-1:
Percentage of Subjects Achieving Virologic Success (<50 Copies/mL, left) and Virologic Failure
(right) Versus DTG Cgp from ING112276 and ING113086.
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Treatment-experienced/integrase-naive

The applicant conducted one Phase I1I trial (ING111762) in treatment-experienced/integrase-naive HIV-1
infected subjects to support the selected DTG 50 mg QD dose. ING111762 included DTG PK from 335
subjects (out of 354) administered DTG 50 mg QD with an investigator selected background consisting of
at least two drugs, one of which was considered fully active by susceptibility assessment. Based on initial
general additive model (GAM) evaluation, subjects with one or more PK samples below the limit of
quantification, baseline CD4" count, and DTG Cy, were identified as factors influencing virologic
success.

Evaluation of response with respect to ECsy could not be performed for this trial due to the limited
number of subjects with baseline ECs, data available (n=22). The univariate exposure-response for
virologic success versus DTG C, is shown below in Fig 2.2.4.1-2 and confirms the initial observation
that subjects with lower exposure, primarily in the lowest exposure quartile (median Cyy, in first quartile
was 0.26 pg/mL), had lower response rates (76%) compared to the reminder of the population (response
rates ranging between 81-87% across the remaining quartiles). Of note, the DTG Cy, in this first quartile
is similar to the median DTG Cy, observed following DTG 10 mg QD.

Figure 2.2.4.1-2: Percentage of Subjects Achieving Virologic Success (<50 Copies/mL) Based on All
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Subijects Versus DTG Cy, from ING111762.
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Closer inspection of the subjects with the lowest DTG C, indicated that such subjects were more likely to
have one or more on treatment BLQ measurements or have been on a CYP3A inducer (e.g., tipranavir,
fosamprenavir, efavirenz). In all, there were 28 subjects with one or more DTG PK BLQ measurements
on treatment and 26 subjects on an inducer (3 subjects had a BLQ measurement and were on an inducer
for a total of 51 subjects with either a BLQ measurement or on an inducer). Seventeen of the 28 subjects
(61%) were in the first DTG exposure quartile while 22 of 26 (85%) of subjects on an inducer were in the
first DTG exposure quartile. As expected, the DTG exposure for these subgroups was lower than that
observed for the remainder of the population (Table 2.2.4.1-1). In addition, the observed geometric Cyy,
for subjects with one or more BLQ measurements (possibly indicative of a lack of adherence) was overall
similar to the observed DTG exposures in subjects on a CYP3A inducer in their regimen.

Table 2.2.4.1-1: Geometric DTG Cynand Response Rate for Subjects from ING111762 According to
Whether the Subject was on An Inducer or Had A BLQ Measurement

Category Geometric Mean Response %
Con, pg/mL
DTG (all, n=335) 0.85 79%
DTG (no inducer/no BLQ, 1.04 81%
n=286)

DTG (BLQ, n=28) 0.24 57%

DTG (inducer, n=26)" 0.20 73%
TPV/rtv, EFV, FPV/itv

DTG (EFV, n=13) 0.17 62%

DTG (FPV, n=11) 0.28 73%

DTG (DRV, n=140) 0.70 84%

* The analysis included one subject who mistakenly took etravirine (a strong inducer)
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Based on the observed PK and response data from the trial, the applicant proposed using DTG 50 mg BID
in subjects with a background regimen including an inducer such as efavirenz or tipranavir. This is
supported by the PK observations and response data from ING111762. The applicant did not propose
DTG dose adjustment when used with fosamprenavir as the response rate in this subgroup was closer to
that of the overall treatment population. However, due to the lower exposure observed in this treatment
group, the review team recommends increasing the DTG dose to 50 mg BID when coadministered with
fosamprenavir. This recommendation is based on the DTG Cyy, (0.2 pg/mL) observed and the slightly
lower response rate (73%) observed among subjects receiving fosamprenavir.

Also included in the summary table was the DTG PK and response when coadministered with DRV/rtv.
DTG PK was slightly reduced in this group compared to subjects from ING111762 who were not
coadministered an inducer and who did not have a BLQ measurement on treatmnet (0.70 versus 1.04
pg/mL) but there was no difference in the response rate (84% versus 81%). As such, the review team does
not recommend an increase in DTG dose from 50 mg QD to 50 mg BID when coadministered with DRV.
Please refer to section 2.4.2.8 for detailed information on drug interactions and dose adjustment
recommendations.

Treatment-experienced/integrase inhibitor-experienced

The applicant conducted a Phase IIb and III trial (ING112961 and ING112574) in treatment-
experienced/integrase inhibitor-experienced HIV-1 infected subjects to support the selected DTG 50 mg
BID dose. ING112961 included DTG PK from 51 subjects (out of 51) administered DTG 50 mg QD or
BID given in combination with at least one active agent in the optimized background. ING112574
included DTG PK from 183 subjects (out of 183 subjects; efficacy data was only available through week
24 for 114 subjects) administered DTG 50 mg BID in combination with at least one active agent in the
optimized background. Based on initial analysis, DTG C, baseline CD4 " count (lower baseline
associated with lower response), and viruses with Q148 and 2 or more additional integrase inhibitor
mutations were identified as predictors of virologic response. Upon closer inspection the dependence of
Con as a predictive factor for virologic response at week 24 was driven by the 50 mg QD treatment arm
from ING112961. The response observed in the lowest quartile (51%) was, as would be expected,

comprised of subjects predominantly from the 50 mg QD treatment arm (41%, n/N=11/27, Cy, 1.14
ug/mL) while a higher response rate was observed in the upper quartiles consisting of subjects
administered 50 mg BID (response rate 63-68%; Cq, 2.29 pg/mL). This observation supports the use of 50
mg BID in the treatment-experienced/integrase inhibitor-experienced population

Figure 2.2.4.1-3: Percentage of Subjects Achieving Virologic Success (<50 Copies/mL) Versus DTG
Con from ING112961 and ING112574. Two DTG Doses (50 mg QD and 50 mg BID) Were Included
in This Analysis (Geometric Mean Cgy, 1.14 and 2.29 pg/mL, Respectively)
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If the subjects that were administered DTG 50 mg QD are removed from the analysis, a relationship
between inhibitory quotient (IQ) values [the IQ is the ratio of Cy, (exposure) at steady state and ECs (a
measurement of the ability of DTG to inhibit HIV-1 virus)] and virologic success was observed (Fig
2.2.4.1-4); however, this relationship is primarily dependent on the baseline susceptibility of the virus and
to a lesser extent DTG exposure. This observation is illustrated in Table 2.2.4.1-2 where a 7-fold
difference in ECs, was noted between the first and fourth inhibitory quotient compared to a 2-fold
difference in Cy, across the same quartiles.

Figure 2.2.4.1-4: Percentage of Subjects Achieving Virologic Success (<50 Copies/mL) Versus DTG
1Q from ING112961 and ING112574 (only 50 mg BID).
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Table 2.2.4.1-2: Median DTG Cy,and ECs, for Each 1Q Quartile from ING112961 and ING112574
(only 50 mg BID)
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Quartile Con, ECso
ng/mL ng/mL
Ist 1.84 5.11
2nd 2.25 1.38
3rd 2.34 0.96
4th 3.86 0.71

This observation is further illustrated by evaluating the geometric mean inhibitory quotient values for
subjects who achieved virologic success (responders) compared to subjects who did not achieve virologic
success (nonresponders) (1.09 versus 1.84) compared to the geometric mean Cy, (2.48 versus 2.31
ug/mL). Essentially, responders and nonresponders administered DTG 50 mg BID had similar exposures,
but divergent responses. A final analysis illustrating the importance of baseline susceptibility on
treatment response in treatmentent-experienced/integrase-experienced subjects is shown in Table 2.2.4.1-
3. A decrease in overall response rate was observed between those subjects with a Q148 mutation and one
or more additional integrase inhibitor mutations (19-43% [categories [1] and [2])] and the remaining
subjects [74-83% (categories [3] and [4])] despite similar exposure across the treatment groups (DTG Cyy:
2.26-2.53 pg/mL). However, a decreasing trend in IQ values was observed across the category labeled
[4] to [1], which must be driven by ECs, (baseline viral susceptibility) based on how IQ is defined. The
observations in this table suggests that if IQ is the primary factor for efficacy then increasing DTG C, 3-
fold in subjects with a Q148 mutation may be sufficient to achieve response rates similar to those subjects
without Q148 mutations. However, the review team ultimately did not recommend for evaluation of a
higher DTG dose in such subjects as DTG doses necessary to achieve DTG C, values of the required
magnitude have not been evaluated. In addition, there is saturable absorption of DTG with higher
individual doses, which may necessitate DTG doses >150 mg BID in order to achieve the desired C,
values.

Table 2.2.4.1-3 Geometric Mean DTG Cy, 1Q, and Response Based on Four Mutation Categories
from ING112961 and ING112574 (only 50 mg BID)

Category 1Q Con Outcome
(ng/mL)

[1] Q148+2 0or2+ | 0.42 2.26 19%
primary (3/16)

[2] Q148 +1 0.70 2.30 43%
(10/23)

[3] All groups with | 2.07 2.53 83%
other mutations (39/47)

[4] No primary 2.92 2.31 74%
mutations (28/38)
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2.2.4.2 What are the characteristics of the exposure-response relationships (dose-response,
concentration response) for safety? -Is there evidence of DTG exposure-safety relationships for
headache, nausea, or diarrhea (adverse events of interest from the Phase 111 trials)

An exposure-response relationship could not be established for headache, nausea, or diarrhea and DTG
exposures. Logistic regression models were evaluated for DTG Cyax, Con, and AUC, based on data from
ING112276 and ING113086 in treatment naive subjects with no significant relationships identified.
Modeling results for adverse event rates versus DTG AUC, are shown below.

Figure 2.2.4.2-1: Percentage of Subjects with Headache (top left), Diarrhea (top right), and
Nausea (bottom left) Adverse Events Versus DTG AUC, for Treatment Naive Subjects from
ING112276 and ING3086
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An exposure-response analysis on changes in renal function versus DTG exposure was also conducted as
elevations in serum creatinine and subsequently, reduced estimated glomerular filtration rate (¢GFR), was
observed in the DTG treatment arms. No relationship between DTG dose (50 mg QD or 50 mg BID) or
exposures (Cy,) with serum creatinine change from baseline or change in eGFR were observed based on
the available DTG pharmacokinetic data. The onset of on-treatment serum creatinine increases with DTG
was rapid with the largest increases occurring over the first 1-2 weeks of treatment. The mean increase in
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serum creatinine for DTG 50 mg QD at week 2 ranged between 0.11-0.13 mg/dL (standard deviation
range: 0.09-0.17 mg/dL) which was similar to the mean increase in serum creatinine for DTG 50 mg BID
at week 2 (0.12 mg/dL: standard deviation: 0.13 mg/dL).

2243 Does this drug prolong the QT or QTc interval?

A thorough QTec trial in healthy subjects was conducted using a single supratherapeutic dose of DTG
250 mg (Study ING111856). No significant QTc prolongation effect of DTG was detected. For the
primary endpoint, QTcF, all time-matched values and their corresponding upper bounds of the 90% CI
were below 10 msec after DTG administration. The maximum observed time-matched change from
Baseline in QTcF for DTG 250 mg was at 4 hours (2.4 msec, 90% CI: -0.2, 4.9 msec). The maximum
observed time-matched change from baseline in QTcF for moxifloxacin in this study was at 4 hours
(10.0 msec, 90% CI: 7.5, 12.6 msec).

2.25 What are the PK characteristics of the drug and its major metabolite?
2.25.1 What are the single dose and multiple dose PK parameters?
Please refer to Table 2.2.5.2-1 and 2.2.5.2-2

2.2.5.2 How does the PK of the drug and its major active metabolites in healthy volunteers
compare to that in patients?

No study has been performed to directly compare the PK parameters of DTG in HIV-1 positive patients
vs. healthy subjects. However, based on accumulated data and meta-analysis, it appears that there is no
significant difference in pharmacokinetics between healthy and HIV-infected subjects. DTG exposure
from 50 mg twice daily dosing appears to be lower in HIV-linfected subjects (integrase inhibitor-
experienced) than in healthy subjects, and this is likely due to the wide use of inducers (e.g. DRV/rtv) in
the background regimen and in the treatment-experienced HIV-1-infected subjects.

Table 2.2.5.2-1 Summary of DTG PK parameters following single dose of 50 mg tablet
administration in healthy and HIV infected subjects

Population Data Source Cmax AUC(0-1) C24 CL/F Vz/F Y2
(ug/ml) | (ug h/mL) (Hg/ml) (L/h) (L/h) (h)

Healthy Phase I Meta- analysis | 2.20 (43) 43.7 (45) 0.65 (49) 1.14 (45) 233 (45) | 144 (19

HIV-1 ING111521 246(32) | 40.5(33) 0.59(31) | 1.23(33) ND 11.2 (29)
Infected” n=10

Data presented are geometric mean (CV%)
#: Subjects received DTG without background antiretroviral regimens.
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Table 2.2.5.2-2 Summary of DTG PK parameters following multiple dose of 50 mg tablet
administration in healthy and HIV-infected subjects (meta-analysis by the applicant)

Population DTG Dosing Cmax AUC(0-7) AUC(0-24) Ct
Regimen (ng/ml) (ng h/mL) (ug h/mL) (ng/mL)

Healthy 50 mg once daily 3.62 49.1 49.1 1.05

(overall) (35) (41) 41 (56)

50 mg once daily 2.90 38.4 38.4 0.79

(fasted) (34) (40) (40) (59)

50 mg once daily 4.21 58.2 58.2 1.28

(fed) 27 (30) (30) 41

Healthy 50 mg twice daily 6.00 53.0 106 3.02

(overall) 39) (42) (42) (52)

50 mg twice daily 5.33 47.1 943 2.66

(fasted) (39) (42) (42) (53)

50 mg twice daily 7.77 68.6 137 4.00

(fed) (23) (27) (27) (36)

HIV-1 50 mg once 3.67 53.6 53.6 1.11

infected daily (no food restriction) (20) 27 27 (46)

HIV-1 50 mg twice 4.15 37.5 75.1 2.12

infected daily (no food restriction) (29) (35) (35) 47)

Data presented are geometric mean (CV%)

2.2.5.3 What are the characteristics of drug absorption? (This may include discussion of transporter
or pH effect.)

DTG is absorbed following oral administration with no absorption lag time. The median tmax is 2-3
hours post dose. The AUC is increased with co-administration of food by 33%, 41%, and 66% when 50
mg DTG was administered with low fat, moderate fat, and high fat food, respectively. The food effect is
not considered clinically significant and all pivotal Phase III trials were conducted without regard to food.
Please refer to section 2.5.3 for detailed information of food effects on DTG PK.

DTG is a 2-metal-binding integrase inhibitor and the mechanism of action involves binding to magnesium
in the active site of the integrase enzyme. As such, DTG is susceptible to chelation-type drug interactions
with polyvalent cations. Accordingly, the applicant conducted a drug interaction study with Maalox and
multivitamins (ING111602).

DTG absorption is significantly decreased by co-administration of polyvalent cation containing antacids
(e.g., Maalox), likely due to chelation. The exposure of DTG was decreased more than 70% when DTG
was administered with Maalox simultaneously. When Maalox was administered 2 hour after DTG, the
interaction was attenuated to a 25% decrease in AUC. The applicant did not evaluate when DTG can be
administered if Maalox is administered prior to DTG. However, based on previous experience with other
drugs forming a chelation complex with antacids (e.g., quinolones), administration of DTG 6 hours after
administration of antacids is considered to be a sufficient amount of time to avoid significant interactions.
The effects of antacids are not thought to be due to changes in pH. No significant drug interaction was
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observed when DTG was co-administered with omeprazole (study ING112941). The AUC of DTG was
also decreased by approximately 35% when DTG was administered with a multivitamin (One A Day
Maximum). The applicant concluded that the magnitude of change is not considered clinically relevant.

The review team also suggests using the same recommendation when DTG is administered with oral iron
supplements, oral calcium supplements, and buffered medications such as didanosine pediatric
formulation and aspirin.

Table 2.2.5.3 Summary of DTG PK following a single dose of DTG with Maalox or a multivitamin
(One A Day Maximum)

Treatment N AUC(0-1) AUC(0-c0) CLF | Cmax c24 112 tlag tmax?
Regimen (hr'pgiml) | (hr'pg/iml) | (Lhr) | (ug/ml) | (ug/mL) | (hr) (hr) (hr)
GSK1349572 | 16 | 3455 356 140 203 0.51 137 0.00 250

(31) (33) (33) | (25) (38) (15) (0.50-8.00)
GBK1348572 | 16 | 23.07 23.74 2.1 1.31 0.34 1352 | 0.00 2.50
+ Multivitamin (29) (30) (30) | (25) (33) (12) (0.50-8.00)
GSK13498572 |16 | 911 8.40 532 0.56 013 13.8 0.00 2.50
+ Maalox (36) (36) (36) | (29) (41) (15) (0.50-8.00)
GSK1349572 | 16 | 2566 26.33 1.90 1.67 0.36 1331 | 0.00 250
2 hours prior (44) (45) (45) | (51) (42) (13) (0.50-8.00)
+ Maalox

2.2.5.4 What are the characteristics of drug distribution? (Include protein binding)

Volume of distribution

The apparent volume of distribution was estimated at 12.5 L in the human mass balance study
(ING111853, following 20 mg administration of suspension formulation) and 17.4 L based on the PopPK
analysis (following 50 mg administration of tablet formulation). The estimated Vd/F is greater than the
total plasma volume (approximately 3 L for a 70-kg person), but similar to the volume of total water in
the extracellular space (approximately 15 L for a 70-kg person). The mass balance study (ING111853)
results indicated that there is a minimal association of DTG with blood cellular components; The mean
blood:plasma concentration ratios of radiolabeled DTG ranged from 0.441 to 0.535 over the timecourse
evaluated (0.5 hr to 72 hr post-dose).

Plasma protein binding

DTG is highly bound to plasma proteins. The unbound fraction of DTG was determined in 3 clinical
studies (ING113097, ING113125, and ING116070). The free fraction of DTG in plasma is estimated at
~0.23% to 1.10% in healthy subjects, ~0.4 to 0.5% in subjects with moderate hepatic impairment, 0.84 to
1.01% in subjects with severe renal impairment, and 0.49% in HIV-positive subjects. Binding was
independent of DTG concentrations over the therapeutic range. The results are comparable with in vitro

protein binding study results (~99.3%).
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The specific types of proteins to which DTG is bound have not been directly characterized. However,
DTG appears to primarily bind to albumin rather than a-1 acid glycoprotein (AAG) based on the
following observation; the DTG unbound fraction appeared to be better correlated with albumin than
AAG in Study ING113097. The in vitro study evaluating the protein binding effect of both human serum
albumin and AAG on the antiviral activity of DTG indicated that DTG binding to AAG is minimal in
comparison with its binding to albumin (RH2007/00071/00).

Table 2.2.5.4-1 Summary of unbound fraction of DTG in plasma estimated in clinical studies

Study ING113097 ING113125 ING116070

Subject Healthy match Moderate Hepatic | Healthy match Severe Renal HIV-1 infected

Population Impairment Impairment

n 8 8 8 8 12

Unbound | 3hr: 3hr: 3hr: 3hr: 2-6hr:

fraction,% | 0.23 (0.2, 0.3) 058(0.2,08) 0.87(08,09) 0.84(06,14) | 049(0.33,
24hr: 24hr: 24hr- 24hr: 0.65)
0.23(02,03) 048 (0.2,08) 1.10 (1.0,1.3) 1.01(0.7,1.7)

Data source: ING113097, Table 11.3; ING113125, Table 11.3; ING116070, Table 9.3.
Data presented are median (range).

Tissue distribution
The applicant conducted 3 studies determining the specific tissue distribution of DTG (cerebrospinal

fluid, female genital tract, and male genital tract). DTG is present in cerebrospinal fluid (CSF) at levels
similar to the unbound concentration of DTG in plasma (median 18 ng/mL, ranging from 4 ng/mL to 232
ng/mL) after 2 weeks of DTG administration (50 mg daily) in 11 HIV-1 patients. The CSF to plasma
concentration ratio of DTG ranged from 0.11% to 0.66% (ING116070). DTG is also present in the female
and male genital tract. DTG AUC in cervicovaginal fluid, cervical tissue, and vaginal tissue was 6 to 10%
of that in corresponding plasma at steady-state. AUC in semen and rectal tissue were 7% and 17%,
respectively, of that in corresponding plasma at steady-state.

2.2.5.5 Does the mass balance study suggest renal or hepatic as the major route of elimination?
Hepatic elimination is thought to be the major route of elimination of DTG based on the mass balance
study (ING111853). Renal elimination of unchanged DTG is less than 1% of the total dose
administered (please refer to 2.2.5.6 and 2.2.5.7).

2.2.5.6 What are the characteristics of drug metabolism? (This may include data on extraction
ratio; metabolic scheme; enzymes responsible for metabolism; fractional clearance of drug.

Following oral administration of DTG in humans, DTG is primarily eliminated via hepatic/bile route, and
renal elimination of unchanged DTG represents less than 1% of the total dose administered (ING111853).
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In vitro metabolism assays, as well as the metabolites detected in the mass balance trial, suggest that
UGT1A1 is the primary route of metabolism and CYP3A4 is a minor route in humans.

The major metabolite in urine is an ether glucuronide of DTG (M3, representing 18.9% of the total dose
administered), followed by an N-dealkylation metabolite (M1), a product from oxidation at the benzylic
carbon (M7), and a product of oxidative defluorination with cysteine addition (M13). The enzymes
responsible for the formation of M3 are UGT1A1 (major), UGT1A3 (minor) and UGT1A9 (minor).
Although DTG-glucuronide is the major metabolite in the plasma, DTG is still the major circulating
component in plasma. M3 is present at a mean value of <1% of DTG in healthy volunteers without an
enzyme inducer.

The total radioactivity of the metabolites formed through oxidation (M1, M7, and M13) that are recovered
in urine and feces accounts for approximately 9.7% of the total dose administered. The enzyme
responsible for forming M7 is CYP3 A4, while the enzyme responsible for forming M13 is unknown. M1
is formed by hydrolysis of M7.

DTG has a terminal half-life of approximately 14 hours and a low apparent oral clearance (CL/F) of
0.56 L/hr, which represents <2% of liver plasma flow; therefore, the hepatic extraction ratio is low (lower

than 2%). As CYP3A4 is a minor route of elimination of DTG (less than 10%), the first-pass metabolism
of DTG following oral administration is expected to be low.
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Fig 2.2.5.6 Metabolic scheme of DTG in human and nonclinical species
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2.2.5.7 What are the characteristics of drug excretion?

DTG has a terminal half-life of approximately 14 hours. Following oral administration, unchanged DTG
is primarily eliminated by the hepatic route. 53% of the total oral dose is excreted as unchanged DTG in
the feces. It is unknown if all or part of the parent compound in feces is due to unabsorbed drug or biliary
excretion of the glucuronide conjugate, which can be converted back to the parent compound in the gut
lumen. 31% of the total oral dose is excreted in the urine; the major form of urine DTG is glucuronide
DTG (18.9% of total dose), N-alkylation metabolite (3.6% of total dose), and a metabolite formed by
oxidation at the benzylic carbon (3.0% of total dose) (ING111853). Renal elimination of unchanged DTG
is less than 1% of the total dose administered.

2.2.5.8 Based on PK parameters, what is the degree of linearity or nonlinearity in the
dose-concentration relationship?

The linearity of DTG PK is dependent on dose and formulation. DTG exhibited linear pharmacokinetics
following a single oral dose of 2 to 100 mg DTG in suspension (ING111207), but it appears to be less
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than dose proportional between 100 mg and 250 mg (ING112941 and ING111856). Increase in DTG
exposure with the tablet formulation appears dose proportional from 25 mg to 50 mg (ING112276) but
less than dose proportional from 50 mg to 100 mg (ING114005).

Table 2.2.5.8-1 Summary of DTG PK following a single dose of DTG in suspension

Study ID | Dose N Cinax AUC . ti, Cyy
(Hg/mL) (Hg-h/mL) (h) (Hg/mL)

111207 2 mg 8 0.231 (20) 2.78 (26) 12.7 (20) 0.038 (41)
5 mg 7 0.661 (20) 8.87 (27) 14.3 (25) 0.126 (28)

10 mg 8 1.23 (9) 14.6 21) 12.7 (9) 0.196 (34)

25 mg 8 2.76 (12) 35.2(30) 12.7 (21) 0.469 (41)

50 mg 6 4.56 (21) 73.2 (19) 14.2 (19) 1.06 (27)

100 mg 5 8.14 (12) 136 (24) 14.7 (23) 1.80 (33)

112941 250 mg 8 14.1 (10) 278 (15) 14.5 (10) 4.08 (17)
111856 250 mg 41 12.4 (27) N.D N.D 3.86 (48)

*N.D: Not determined
All trials were conducted under fasted conditions.

Table 2.2.5.8-2. Summary of DTG PK following a single oral dose (50 mg tablet g.d vs 100
mg tablet g.d) (ING114005)

Treatment N Cmax AUC(0-24) C24 tlag® tmaxk
(ug/mL) (ng.h/imL) (ng/mL) (h) (h)
100 mg 12 277 34.3 0.80 0.00 2.00
(35) (41) (53) (0.00-0.00) (1.0-4.0)
50 mg 12 1.83 24.3 0.53 0.00 2.00
(35) (44) (59) (0.00-0.00) (1.0-4.0)

There is no study directly comparing the PK of 50 mg q.d. vs. 50 mg. b.i.d. However, accumulated data
from phase I studies indicate that with 50 mg b.i.d. dosing, C,.x, AUCy4p, and C; are increased by 66%,
102%, 193%, respectively, in healthy volunteers as compared with 50 mg q.d.dosing. In HIV-infected
populations, the magnitude of increase in exposure is less than what was observed in healthy populations.
The PopPk analysis indicates that C,,x, AUC,4p, and C; are increased by 14%, 40%, 91%, respectively,
when the dose is increased from 50 mg q.d. to 50 mg b.i.d. The difference appears to be due to the
differences associated with study populations (INI-naive vs INI-experienced) including concomitant
medication or adherence.

Table 2.2.5.8-3 Summary of DTG PK parameters following multiple dose of 50 mg tablet
administration in healthy and HIV-infected subjects (meta-analysis)

Population DTG Dosing Cax AUC .y AUC .24 C.
Regimen (ng/ml) (ug.h/mL) (ng.h/mL) | (ug/mL)

Healthy” 50 mg once daily 3.62 49.1 49.1 1.05

35) 41 41 (56)
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Healthy” 50 mg twice daily 6.00 53.0 106 3.02
39) (42) (42) (52)

HIV-1 infected” 50 mg once daily 3.67 53.6 53.6 1.11
(20) 27 27 (46)

HIV-1 Infected” 50 mg twice daily 4.15 37.5 75.1 2.12
29) (35) (35) 47)

%: Meta-analysis of phase I studies
*: Treatment naive or treatment-experienced and INI naive
#: Treatment experienced and INI-experienced

2.2.5.9 How do the PK parameters change with time following chronic dosing? (This may
include time to steady-state; single dose prediction of multiple dose PK; accumulation ratio.)

Following repeated oral administration, DTG achieved steady state within 5 days of dosing, consistent
with the estimated t;,, (14 hours). DTG showed time-invariant PK. Accumulation ratios for DTG 50 mg
once daily dosing were 1.43, 1.36 and 1.42 for AUC,, C,..x, and C,, respectively.

2.2.5.10 What is the inter- and intra-subject variability of PK parameters in volunteers and
patients, and what are the major causes of variability?

DTG exhibits low to moderate between-subject variability. In phase I studies in healthy subjects, CV%
for AUC and C,,,x ranged from 20 to 40% and CV% for Ct ranged from 30 to 65%. The PK variability of
DTG is slightly higher in HIV-infected subjects than healthy subjects; the CV% of C, ranged from 55%
to 140% across studies. The variability is mainly due to use of metabolic inhibitors or inducers in the
background therapy and less optimal compliance compared to the controlled phase I intensive PK studies
in healthy volunteers.

Potential sources of variability based on the PopPK analysis are inter-individual variability of UGT1A1
activities, weight (a shallow weight-DTG oral clearance has been identified in the PopPK analysis),
smoking status, and concomitant medications in HIV-1 infected subjects.

Intra-subject variability was lower than inter-subject variability, ranging 8 to 20% for DTG PK
parameters in phase I studies conducted in healthy subjects and ranged from 17% to 29% in HIV infected
subjects conducted in healthy subjects and ranged from 17 to 29% in HIV-infected subjects based on
PopPK modeling.

2.3 Intrinsic Factors

2.3.1 What intrinsic factors (age, gender, race, weight, height, disease, genetic polymorphism,
pregnancy, and organ dysfunction) influence exposure (PK usually) and/or response, and what is
the impact of any differences in exposure on efficacy or safety responses?
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The applicant conducted the following clinical pharmacology studies to identify effects of intrinsic factors
on the pharmacokinetics of DTG
e Pharmacokinetics of DTG in healthy Japanese subjects following a single oral dose of 50 mg
DTG (ING115381)
e Pharmacokinetics of DTG in subjects with moderate hepatic impairment and matching healthy
subjects (ING11397)
e Pharmacokinetics of DTG in subjects with severe renal impairment and matching healthy subjects
(ING11397)

The PopPK analysis was conducted using data from studies with treatment-naive subjects (Study ING
111521, ING112276, and ING113086) and treatment-experienced subjects (Study ING112961,
ING112574, and ING111762) to identify intrinsic factors influencing exposures and/or response of DTG.
The following is a summary of key findings of PopPK analysis in regard to intrinsic factors influencing
the DTG exposure.

¢ In treatment naive patients, higher weight, older age (> 55 years old) and lower bilirubin were
associated with higher DTG CL/F. Higher F was associated with female gender. Race, ethnicity,
HCYV co-infection, CDC classification, ALT or AST did not influence the PK of DTG in this
analysis.

e In treatment experienced patients, higher weight and lower albumin level were associated with
higher DTG V/F. Female gender was associated with higher F. Race, ethnicity, HCV co-
infection, CDC classification, renal impairment, CrCL, ALT or AST did not influence the PK of
DTG in this analysis.

o The magnitude of effect on the intrinsic factors listed above on CL/F, V/F, or F was relatively
small (all less than 30%), and the magnitude of effect on steady-state AUC, Cax, and Cpin of
DTG was <32%. The effect of these covariates was not considered clinically significant;
therefore, no DTG dose adjustment for these covariates is necessary.

e There was limited PK data on subjects with HBV co-infection and subjects of +65 years of age.

e Opverall, inter-individual variability for CL/F was relatively low (23.5% in treatment naive
subjects and 28.7% in treatment experienced subjects).

2.3.2 Based upon what is known about exposure-response relationships and their variability and the
groups studied, healthy volunteers vs. patients vs. specific populations (examples shown below),
what dosage regimen adjustments, if any, are recommended for each of these groups? If dosage
regimen adjustments are not based upon exposure-response relationships, describe the alternative
basis for the recommendation

2.3.2.1 Elderly

Pharmacokinetics of DTG in subjects > 65 years old are limited (n=11 in treatment experienced subjects,
n=1 in treatment naive subjects). In the PopPK analysis using treatment-naive subject data, CL/F was
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increased with age. Age was a significant covariate in the model with CL/F increasing with age. For >55
y18, Chax, AUC_;and C, was 10%, 14% and 18% lower compared to the <55 yrs. The difference is not
clinically significant; no dose adjustment is required based on age.

2.3.2.2 Pediatric patients

The pharmacokinetics of DTG was assessed in treatment-experienced, INI-naive pediatric HIV -1
patients of 12 to <18 years old (n=10) IMPAACTP1093, ING112578, cohort I). Nine subjects
weighing at least 40 kg received DTG 50 mg once daily and one subject weighing 37 kg received 35
mg DTG once daily. Steady-state pharmacokinetic parameters were estimated.

DTG exposures in pediatric subjects were comparable to the sponsor predefined target as well as data
observed in the adult phase III pivotal trials as shown in Table 2.3.2.2. Excluding one outlier (subject
290207) or the subject weighing less than 40 kg (subject ID: 8503351) did not significantly alter the
study results and conclusion.

A secondary objective of this study was an efficacy assessment. Eighty percent of subjects (8/10)
achieved virologic suppression (RNA <400 c¢/mL) at week 24, with 70% (7/10) achieving RNA
<50c/mL. This efficacy data also support the validity of the current dosing regimen for adolescent (50
mg once daily weighing at least 40 kg). DTG was safe and well tolerated. Based on the PK, safety and
antiviral activity data submitted, DTG can be used in adolescent (12 to <18 years old) HIV-1 patients
weighting at least 40 kg without dose adjustments.

Table 2.3.2.2 Summary of DTG PK in pediatric HIV infected patients 12 to <18 years old

Geometric Mean (%CV)
AUC (ugh/mL) Ca4 (pg'h/mL)

Pre-defined target by the Sponsor 46 0.96

Results including all subjects 46.0 (43) 0.90 (58)
Results: 290207 excluded 52.9 (34) 1.06 (50)
Results: 8503351 excluded 46.8 (44) 0.94 (58)
Phase 11T PK 53.5 (26) 1.11 (44)
Ratio pediatric/adult 0.86-0.99 0.81-0.95

*Expressed as geometric mean (%CV)

2.3.2.3 Gender

Female subjects accounted for ~20% of the total subjects included in the PopPK analysis. The
analysis indicated that gender was a predictor of bioavailability (F) following the same dosing
regimen. Females have 21% (95% CI: 13-29%) higher F compared to males. The DTG AUC,, Cux,
and C,,;, were higher by 22-36 %, 23-36%, 14-37% respectively in females compared to males based
on the simulated steady-state DTG PK parameters using Phase III study data.
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The effect of gender on DTG PK was also evaluated in the definitive QT study (ING111856) in
healthy subjects as ~60% of the subjects enrolled were females. Following a single oral dose of DTG
250 mg as suspension, Cp.x, AUC,4, and C,g were higher by 24%, 20%, 6%, respectively in healthy
female subjects compared to those in male healthy subjects.

Table 2.3.2.3 Summary of plasma DTG PK parameters following a single dose DTG 250 mg
(ING111856)

Treatment Sex n Cmax AUC(0-1) AUC(0-24) tmaxe C24
(pg/mL) (g.h/imL) (ng.himL) (h) (ng/mL)

GSK1349572 F 24 135 180 179 308 396

250 mg (22) (31) (31) (1.52-4.12) (52)

M 17 109 19 150 305 3an

(28) (35) (35) (2.05-6.05) (42)

Overall | #1 124 167 167 308 386

(27) (33) (33) (1.52-6.05) (48)

Based on the known safety a profile and PK/PD relationship for the antiviral activity of DTG, the
difference is not considered as clinically significant; no dose adjustment is required based on gender.

2.3.2.4 Race, in particular differences in exposure and/or response in Caucasians, African-
Americans, and/or Asians

In Phase II and III trials, Caucasians, African-Americans, and Asians represented 60-80%, 10-30%, and
1%, respectively. PopPk analysis indicated that race (Caucasian, African-American, and Japanese
ancestry) or ethnicity (Hispanic/latino vs. Nonhispanic/Latino) has no effect on DTG PK parameters. A
Phase I study evaluating DTG PK in a Japanese population (ING115381) also indicates that the
pharmacokinetics of DTG following a single oral dose (50 mg) to healthy Japanese subjects were
consistent with the DTG PK parameters reported in healthy subjects in the US who were predominantly
Caucasian. No DTG dose adjustment according to race or ethnicity is neccessary.

2.3.2.5 Renal impairment

The applicant conducted an open label, single-dose pharmacokinetic study to evaluate plasma
dolutegravir (DTG) pharmacokinetics following a single dose of DTG 50 mg to 8 subjects with severe
renal impairment (creatinine clearance [CLcr] <30 mL/min, not on dialysis) and 8 matched healthy
controls.

As urinary excretion of unchanged DTG is less than 1% of a total oral dose, renal impairment was not
expected to affect DTG exposures. However, the results showed that DTG exposure was unexpectedly
lower in subjects with severe renal impairment (CLcr <30mL/min) compared to healthy, matched
subjects: AUC ..y and C,nax were 40% and 23% lower, respectively. However, as shown in Fig 2.3.2.5-
2, there was considerable overlap in DTG concentration between the groups. Values for AUC .
ranged from 13.6 to 46.7 pg*h/ml in renally impaired subjects and from 14.1 to 60.9 pg*h/ml in
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matched healthy subjects. C,. ranged from 0.79 to 2.1 ug/ml in renally impaired subjects and from
0.82 to 3.2 pug/ml in matched healthy subjects. The exposure of the DTG glucuronide metabolite in
renally impaired subjects was 3-fold (for C,,,) and 4-fold (for AUC) higher than those of normal
subjects.

The cause or mechanism of decreased exposures of DTG in subjects with severe renal impairment is
unknown. While renal impairment can have a multitude of effects on drug-metabolizing enzymes and
transporters, the possible explanations (e.g., impaired hepatic metabolism in subjects with renal
impairment) would suggest a higher exposure in the renally impaired group and does not support the
findings in this study. The free fraction of DTG in both groups was comparable, indicating that changes
in plasma protein binding are unlikely the cause of the observed decreases in DTG exposure in subjects
with renal impairment. A possible explanation is that there may be changes in absorption or volume of
distribution in subjects with severe renal impairment.

While it is unclear what caused decreased exposures to DTG, the applicant concluded that the moderate
reduction in DTG exposure in subjects with severe renal impairment is not considered clinically
significant and no dose adjustment of DTG is needed in subjects with mild to severe renal impairment
(not on renal replacement therapy). This is a reasonable conclusion in INI-naive patients as the
exposure-response relationship is relatively flat in this population and an approximately 40% decrease
in DTG exposure would not be expected to clinically relevant. However, in subjects with INI-
resistance, such decreases may affect efficacy depending on the baseline susceptability.

The PopPK analysis from the phase III trials indicated that subjects with mild to moderate renal
impairment (creatinine clearance 60 to < 90 mL/min and 30 to < 60 mL/min) demonstrated no
difference in DTG exposure compared to subjects with normal creatinine clearance. This supports the
use of DTG in patients with mild or moderate renal impairment without dose adjustment. There was an
insufficient number of subjects with severe renal impairment in the phase III trials to conduct a similar
comparison with this population.

Table 2.3.2.5 -1 Summary of plasma DTG harmacokinetic parameters and statistical comparison

Cohort Renal Impaired (n=8) Healthy (n=8) Ratio of GLS Means
(909 CI)
AUC 9. (ng.h/mL) 23.5 (48) 37.1 (58) 0.601 (0.370, 0.975)
AUC o4 (ng h/mL) 22.6 (47) 35.3(58) 0.606 (0.375, 0.978)
Cinax (ug/mL) 1.50 (34) 1.86 (45) 0.774 (0.532, 1.13)
Conin (ug/mL) 0.318 (43) 0.563 (57) 0.566 (0.352-0.908)
ty» (hr) 12.7 (31) 15.4 (15) 0.818 (0.639, 1.05)
tmax (1) 2.00 (1.0, 3.0) 2.00 (1.0, 4.0) No difference
CL/F (L/hr) 2.12 (48) 1.35 (58) 1.67 (1.03, 2.70)
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Fig 2.3.2.5 Comparative plot of plasma AUC and C.«x of DTG (subjects with severe renal

impairment vs. matched healthy subjects)
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Table 2.3.2.5-2 Simulated exposure of DTG in treatment-experienced subjects with renal

impairment
N Cmax Ct AUCrt
pg/mL pg/mL pg/mL-hr
50 mg QD Normal 287 3.11 0.824 43.3
(3.02-3.20) (0.764-0.888) (41.5-45.2)
Mild 71 3.43 0.835 46.6
(3.21-3.65) (0.693-1.01) (42.1-51.5)
Moderate 8 3.45 0.818 46.2
(2.81-4.21) (0.509-1.32) (34.9-61.2)
Severe 1 3.64 0.857 48.7
50 mg BID Normal 152 4.10 2.10 37.1
(3.91-4.29) (1.95-2.26) (35.1-39.2)
Mild 45 4.37 2.21 39.3
(4.04-4.93) (1.94-2.51) (35.8-43.3)
Moderate 9 4.11 1.97 36.3
(3.47-4.88) (1.62-2.41) (30.4-43.2)
Severe 1 4.23 2.36 40.2

2.3.2.6 Hepatic impairment

The sponsor conducted a pharmacokinetic study comparing subjects with moderate hepatic impairment
(Child-Pugh grade B) to matched healthy subjects at a single dose of 50 mg DTG (ING113097). The
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pharmacokinetics of total plasma DTG was not affected by moderate hepatic impairment. The fraction
unbound (%) of DTG in moderate hepatic impairment subjects was ~76-120% higher than those in
healthy subjects. The difference is thought to be primarily due to lower albumin concentrations in subjects
with moderate hepatic impairment. Based on this study result, the applicant did not conduct a
pharmacokinetic study in subjects with mild hepatic impairment. In conclusion, DTG can be administered
without dose adjustment in subjects with mild to moderate hepatic impairment. The effect of severe
hepatic impairment on the pharmacokinetics of DTG has not been studied and thus DTG is not
recommended for use in this population.

Table 2.3.2.6 Summary of Plasma DTG pharmacokinetic parameters and statistical comparison

PK parameters Subjects with Healthy Geometric Mean Ratio (Hepatic vs.
(Geometric mean, %CV) Moderate Subjects Healthy)
Hepatic impairment
Chnax (ng/mL) 1.78 (17) 1.80 (49) 1.02 [0.754,1.37]
Cys (ng/mL) 0.59 (36) 0.57 (44) 1.04 [0.727,1.48]
AUC o) (ng.h/mL) 38.5(30) 37.3(47) 1.05 [0.745,1.49]
AUCq (ng.h/mL) 36.7 (27) 35.5(48) 1.06 [0.753,1.48]
CL/F (L/hr) 1.30 (30) 1.34 (47) 0.950[0.673,1.34]
Vz/F (L) 29.1 (18) 28.7 (50) 0.986 [0.737,1.32]
t1 (h) 15.5(19) 14.9 (24) 1.04 [0.845,1.27]
Tinax (h) 4.00 (2.0-5.0) 3.00 (1.0-4.0) 1.00 [-0.50, 2.50]
(median, range)
Fraction Unbound 0.50 (43) 0.23 (18) 2.20[1.62,2.99]
at 3 hr post dose, (%)
Fraction Unbound at 0.41 (40) 0.23 (11) 1.76 [1.23,2.51]
24 hr post dose, (%)

2.3.2.7 What pregnancy and lactation use information is there in the application?

No information regarding the use of DTG in pregnant or lactating women was included in this
submission.

2.3.2.8 Pharmacogenetics
DTG is primarily metabolized by UGT1A1 with some minor contribution from CYP3A. The applicant
conducted a meta-analysis to evaluate the effect of the genetic status of UGT1A1 on DTG

pharmacokinetics using samples collected in 9 clinical studies (n=89) (ING116265). For UGT1A1l,
subjects were classified as low (*28/*28, *28/*37, or *37/*37), reduced (¥1/*28, *1/*37, *28*/*36,
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*36/*37), or normal UGT1A1 activity (*1/*1, *1/*36, *36/*36) and analysis was done to compare normal
functioning subjects to those with either low or reduced function.

ANCOVA analysis showed that CL/F decreased, while AUC .., and C,.x increased, in subjects with low
and reduced UGT1A1 activity compared to subjects with normal UGT1A1 activity. In subjects with low
UGT1A1 activity compared to subjects with normal UGT1A1 activity, the effect was greater. For all
UGT1A1 genotype effects the maximum expected increase is less than a doubling of exposure (based on
upper limit of 92% CI). As the therapeutic index of DTG is wide and AEs are mild and not associated
with higher exposures, the effects of UGT1A1 polymorphism on DTG exposures are not considered
clinically significant. No dose adjustment is required for subjects with the UGT1A1 *28/*28 and *28/*37
genotypes.

The sponsor also explored the influence of CYP3A4, CYP3AS and pregnane X receptor (NR112) variants
on DTG PK. Polymorphisms in those enzymes were not associated with differences in the PK of DTG.

Table 2.3.2.8 ANCOVA Results for PK Parameters and UGT1A1 Functional Activity

Geometric LS Mean
Normal Reduced Low
Activity Activity Activity Geometric Mean
PK Parameter (N=41) (N=40) (N=7) Comparison Ration (92% CI)
Low-+Reduce vs. Normal 0.765 (0.659-0.889)
CL/F (L/hr) 1.09 0.936 0.749 Low Vs. Normal 0.684 (0.543-0.862)
Low+Reduce vs. Normal 1.307 (1.125-1.518)
AUC (0-INF) (ug*hr/mL 45.7 534 66.8 Low Vs. Normal 1.462 (1.160-1.842)
Low+Reduce vs. Normal 1.221 (1.063-1.402)
Cmax (ug/mL) 3.45 3.89 4.57 Low Vs. Normal 1.323 (1.068-1.638)

2.3.2.9 Co-infection with Hepatitis B (HBV) or (HCV)

A total of 71 subjects with HCV at baseline and a total of 27 subjects with HBV at baseline participated
in phase II/III efficacy trials. Population pharmacokinetic analysis indicated that HCV co-infection had no
clinically relevant effect on the exposure of DTG. There are limited PK data in subjects with HBV co-
infection.

2.4 Extrinsic Factors

2.4.1 What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use) influence
dose-exposure and/or -response and what is the impact of any differences in exposure on
response?
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Smoking: The population PK analyses using pooled data from Phase II/III trials in a HIV-infected
population identified smoking status as a statistically significant covariate; following the same dosing
regimen, current smokers have 16% (95% CI 10-22%) higher CL/F compared to non-smokers. This is not
considered to be clinically significant and no dose adjustment is necessary based on the smoking status.
In vitro studies indicated that the contribution of CYP1A to DTG metabolism is none to minimum.

The effects of herbal products, diet, and alcohol use on the DTG PK were not evaluated in this
submission.

24.2 Drug-drug Interactions
2.4.2.1 Is there an in vitro basis to suspect in vivo drug-drug interactions?

Yes. DTG is primarily metabolized by UGT1A with minor metabolism by CYP3A4. It is also an
inhibitor of OCT2. Please refer to section 2.4.2.2-2.4.2.4 for detailed information on in vitro drug
interaction study results.

2.4.2.2 Is the drug a substrate of CYP enzymes? Is metabolism influenced by genetics?

DTG is primarily metabolized by UGT1A1 with CYP3A4 as a minor route. Several in vivo drug
interaction studies also indicate that the exposures of DTG in the presence of CYP3A and UGTIA
inducers (e.g., rifampin or efavirenz) significantly decreased and dose adjustments are recommended.
Co-administration of atazanavir (UGT1A1 inhibitor) increased DTG AUC by 91%.

Metabolism via UGT1A1 is also known to be influenced by genetic status. Please refer to 2.3.2.8 for
detailed information on the pharmacogenomics analysis for the effects of UGT1A1 variants on the DTG
PK.

2.4.2.3-2.4.2.4 Is the drug an inhibitor and/or an inducer of CYP enzymes or transporters including
P-gp?

Potential interaction via enzyme induction or inhibition.

In vitro, DTG showed little or no direct inhibition (ICs,> 50 uM) of major metabolizing enzymes
(CYP1A2, CYP2A6, CYP2B6, CYP2CS, CYP2C9, CYP2C19, CYP2D6, CYP3A, UGT1A1 or UGT2B7)
and major transporters (BCRP, MRP2, OCT1 and P-gp). In vitro, DTG did not induce CYP1A2, CYP2B6
or CYP3A4 up to a concentration of 40 pM. In vivo drug interaction studies using various substrates (oral
contraceptives, rilpivirine, and midazolam) also indicate that DTG has little to no potential for drug

interactions as an inhibitor or inducer of CYP metabolism pathways.

Potential interaction via transporter
DTG is not an inhibitor of P-gp, MRP2, OATP1B1 or OATP1B3 but is a substrate of P-gp and BCRP.
Therefore, drugs that affect P-gp or BCRP could affect DTG plasma concentration. However, the high
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passive membrane permeability appears to minimize the impact of efflux by transporters. The exposure of
DTG was not significantly changed in the presence of LPV/rtv or telaprevir (known in vivo P-gp
inhibitors) although the results may be confounded by CYP3A4 and UGT1A1-mediated interactions.

The DTG glucuronide metabolite, GSK2832500, did not inhibit MRP2, thus inhibition of biliary
clearance of bilirubin glucuronides or glucuronide conjugates of coadministered drug is not expected.

In an in vitro study, DTG inhibited the renal organic cation transporter 2 (OCT2, IC5,=1.9 uM or 0.82
ug/mL). Therefore, DTG may increase the plasma concentrations of drugs (e.g., dofetilide and metformin)
or endogenous molecules (e.g., creatinine) for which excretion is dependent upon OCT?2 transport. In
clinical trials, it was observed that the use of DTG was associated with a modest increase in serum
creatinine (10-15%) likely due to OCT?2 inhibition by DTG. This suggests that DTG can be an in vivo
inhibitor of OCT2 and potentially increase the exposures of OCT2 substrates. The applicant did not
conduct in vivo drug interaction studies determining the effect of DTG on OCT2-mediated excretion (the
unbound C,,,,/ICsq ratio did not meet the criteria necessitating an in vivo study as described in the
February 2012 DDI guidance). Instead, the applicant proposed a conservative recommendation of
contradindicating dofetilide with DTG and close monitoring of metformin efficacy and safety when it is
used with DTG. As dofetilide has a narrow therapeutic index and metformin does not, these proposed
recommendations are acceptable, in the absence of in vivo drug interaction study results.

2.4.2.5 Are there other metabolic/transporter pathways that may be important?

DTG is an OCT2 inhibitor. Some OCT inhibitors are also MATE (Multidrug and Toxin Extrusion)-
1 or MATE-2K inhibitors. The sponsor did not evaluate the effects of DTG on MATE-mediated
renal transport. The clinical relevance or significance of MATE inhibition is currently unknown and
as such, the February 2012 DDI guidance currently does not recommend routine evaluation of
MATE inhibition.

2.4.2.6 Does the label specify co-administration of another drug and, if so, has the interaction
potential between these drugs been evaluated?

The proposed indication of DTG is to use in combination with other antiretrovirals in the treatment
of HIV. There are no specific antiretroviral medications in the proposed DTG label that are to be
coadministered with DTG. The sponsor conducted a series of drug interaction studies with anti-
retrovirals to be used with DTG. As DTG has little potential to be a perpetrator, most studies only
examined DTG as a victim of drug interactions.

The drug interaction study results indicate that DTG can be used without dose adjustments with
NRTIs, LPV/rtv, DRV/rtv, rilpivirine (RPV), ATV, or ATV/rtv. Dose adjustment is recommended
when DTG is used with moderate to strong inducers (EFV, TPV/rtv or FPV/rtv). Please refer to
2.4.2.8 for magnitude of changes and dosing recommendations. The exposure of DTG is
significantly decreased in the presence of etravirine (ETR) which may not be counterbalanced by
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50 mg b.i.d dosing. However the effect of ETR was mitigated by co-administration of
lopinavir/ritonavir (LPV/rtv) and darunavir/ritonavir (DRV/rtv). Administration of ETR with ATV
or ATV/rtv is also expected to mitigate ETR-mediated induction as ATV is a strong UGT1A1
inhibitor. Therefore, coadministration of ETR with DTG is not recommended unless patients also
receive concomitant atazanavir/ritonavir (ATV/rtv), LPV/rtv or DRV/rtv. Drug interactions with
less commonly used antiretrovirals (e.g., nevirapine or nelfinavir) are not evaluated in this
submission.

2.4.2.7 What other co-medications are likely to be administered to the target patient
population?

HIV-1 infected patients may receive a variety of medications to treat or prevent comorbidities, including
opportunistic infection, hepatitis infection, depression, dyslipidemia, gastrointestinal discomfort and
substance abuse. For the female population of childbearing potential, oral contraceptives are also
commonly used medication.

2.4.2.8. Are there any in vivo drug-drug interaction studies that indicate the exposure alone and/or
exposure-response relationships are different when drugs are co-administered?

The applicant conducted drug interaction studiess with commonly co-administered drugs in this
population (e.g., HIV antiretrovirals, HCV antiretrovirals, methadone, oral contraceptives), a sensitive
substrate of CYP3A4 (midazolam), and drugs that can potentially alter DTG exposures based on the DTG
ADME profiles (rifampin, rifabutin, high dose of prednisone, drugs containing multivalent cations such
as Maalox or multivitamin).

Drug-Drug Interactions
Effect of Dolutegravir on the Pharmacokinetics of Other Agents

In general, DTG has a low potential to cause drug interactions as a perpetrator. In vitro, DTG
demonstrated little or no direct inhibition on major drug metabolizing enzymes (CYP1A2, CYP2AG6,
CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP3A, UGT1A1 or UGT2B7) or major
transporters (BCRP, MRP2, OATP1B1, OATP1B3, OCT1, and P-gp). In vitro, DTG did not induce
CYP1A2, CYP2B6 or CYP3A4. In in vivo drug interaction studies testing DTG as perpetrator, DTG
did not exhibit significant drug interactions with midazolam, tenofovir, methadone, oral
contraceptive (Ortho-Cyclen), or rilpivirine. In vivo drug interaction studies also demonstrated that
DTG did not affect the PK of EFV, LPV/rtv, DRV/rtv, ATV, FPV, RPV, and TVR (telaprevir), by
comparing PK data of these agents observed when co-administered with DTG to historical data.

In vitro, DTG inhibited renal organic cation transporter 2. Based on this observation, DTG may
increase plasma concentrations of drugs for which excretion is dependent upon OCT2, such as
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dofetilide and metformin. The applicant did not conduct in vivo drug interaction studies with OCT2
substrates such as metformin.

Table 2.4.2.8-1 Summary of effects of dolutegravir on the pharmacokinetics of coadministered

drugs
Geometric Mean Ratio (90% CI) of Coadministered Drug
Coadministered With/Without Dolutegravir
Drug(s) Dose of No Effect =1.00
and Dose(s) DTG n Cnax AUC C.or Cyy Conclusion
Ethinyl estradiol 50 mg 15 0.99 1.03 1.02 No effects
0.035 mg twice daily (0.91, 1.08) (0.96, 1.11) (0.93,1.11)
Methadone 50 mg 12 Total methadone 0.98 0.99 No effects
20 to 150 mg twice daily 0.99 (0.91, 1.07) (0.91, 1.06) (0.91, 1.07)
Individualized
R-methadone
0.95(0.89, 1.02)
S-methadone
1.02 (0.93, 1.12)
Midazolam 3 mg 25 mg 10 _ 0.95 _ No effects
once daily (0.79 to 1.15)
Norgestromin 0.25 mg 50 mg 15 0.89 0.98 0.93 No effects
twice daily (0.82,0.97) (0.91, 1.04) (0.85,1.03)
Rilpivirine 50 mg 16 1.10 1.06 1.21 No effects
25 mg once daily once daily (0.99, 1.22) (0.98, 1.16) (1.07, 1.38)
Tenofovir disoproxil 50 mg 16 1.09 1.12 1.19 No effects
fumarate once daily (0.97 to 1.23) (1.01 to 1.24) (1.04 to 1.35)
300 mg once daily

Effect of Other Agents on the Pharmacokinetics of Dolutegravir and Dose Recommendations

DTG is eliminated mainly through metabolism by UGT1A1 with CYP3A4 as a minor route. Moderate to
strong inducers of UGT1A1 and/or CYP3A4 such ETR, EFV, FPV/rtv, TPV/rtv, RIF significantly
reduced the plasma concentrations of DTG (Table 2.4.2.8-2). The PopPK analysis using Study
ING111762 data (SAILING: 50 mg q.d. DTG in subjects with optimized background regimen) also
indicated that subjects receiving DTG 50 mg once daily in combination with TPV/rtv or EFV had

significantly lower Cy, and lower virologic response. The analysis also indicated that use of

fosamprenavir/ritonavir was also associated with significantly lower Cy, although the effects on virologic
response were inconclusive due to limited number of samples. Please refer to section 2.2.4.1 and Table
2.2.4.1-1 for detailed information.

Based on the results of DDI studies as well as the PopPK analysis, increasing the DTG dose is
recommended in treatment-naive or INI-naive patients receiving DTG in combination with EFV,
FPV/rtv, or TPV/rtv. As rifampin (RIF) reduced DTG exposure to a similar extent as TPV/rtv and

EFV (Table 2.4.2.8-2), increasing the DTG dose is also recommended for treatment-naive or

treatment-experienced, INI naive subjects who require RIF therapy. The proposed dosing
recommendation, DTG 50 mg b.i.d, in the presence of moderate to strong inducers is supported by
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the following observations. First, there are enough data regarding the safety and pharmacokinetics of
DTG 50 mg DTG b.i.d regimen. Increasing the dose from 50 mg q.d. to 50 mg b.i.d did not pose any
additional safety issues in phase III trials. Increasing the dose from 50 mg g.d. to 50 mg b.i.d is
expected to increase AUC,4p, Ciax, and Cpi, by 66%, 102%, and 193%, respectively (Table 2.2.5.8-
2), enough to mitigate the induction effects by EFV, FPV/rtv, TPV/rtv or rifampin shown in the drug
interaction studies. The drug interaction study comparing DTG 50 mg q.d. vs. rifampin 600 mg q.d +
DTG 50 mg b.i.d also indicated that exposure of DTG 50 mg b.i.d in the presence of rifampin is
comparable to that of DTG 50 mg q.d (ING113099). In summary, a dose adjustment from 50 mg q.d.
to 50 mg b.i.d of DTG in treatment-naive or treatment-experienced, INI-naive subjects receiving
EFV, FPV/rtv, TPV or rifampin is acceptable. The applicant initially proposed no dose adjustment in
the presence of FPV/rtv. However, the review team concluded that dose adjustment is recommended
based on the C, values in the popPK analysis.

At the time of this submission, adequate safety and pharmacokinetic data are not available when
DTG is administered chronically at doses higher than 50 mg b.i.d in the patient population. Thus,
increasing the dose beyond 50 mg b.i.d. is not supported at this time. Caution is warranted when
moderate to strong inducers are used in INI-experienced patients whose dosing regimen is already 50
mg b.i.d.

Etravirine reduced DTG C,4 by more than 80%. However the effect of ETR was mitigated by co-
administration of lopinavir/ritonavir (LPV/rtv) and darunavir/ritonavir (DRV/rtv). Administration of
ETR with ATV or ATV/rtv is also expected to mitigate ETR-mediated induction as ATV is a strong
UGT1ALI inhibitor. Therefore, coadministration of ETR with DTG is not recommended unless
patients also receive concomitant atazanavir/ritonavir (ATV/rtv), LPV/rtv or DRV/rtv.

DRV/rtv slightly reduced DTG, but the magnitude of the effect is not considered clinically
significant. The effect of DRV/rtv was evaluated in the phase III study ING111762. The patients on
DRV/rtv exhibited a slightly lower C, compared to the overall mean C,, but no significant difference
was observed in efficacy. DTG can be dosed with DRV/rtv (once or twice daily) without dose
adjustment (Table 2.4.2.8-2).

ATV (or ATV/rtv) significantly increased the exposure of DTG (Table 2.4.2.8-3). The AUC, Cx,
and C,,, are increased by 91%, 50%, 180% in the presence of ATV and by 61%, 33%, and 120% in
the presence of ATV/rtv, respectively. The following observations support the use of DTG with
atazanavir without a dose adjustment despite the increased exposure of DTG in the presence of ATV
+ rtv; DTG adverse reactions are generally mild and well-tolerated. There was no exposure-response
relationship for safety in the phase III trials. The major toxicity observed in preclinical species was
GI toxicity which is the result of local intolerance rather than a systemic exposure. Therefore, an
increase in the systemic exposure of DTG without increasing the dose administered would not
change the safety margin. Also, high fat food increases DTG exposure by 67%. Dolutegravir was
administered without regard to food in the phase III trials and no significant safety concern was
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raised. In sum, it is reasonable to conclude that use of atazanavir (+/-ritonavir) with DTG is

acceptable without a dose adjustment.

The exposure of DTG was not significantly altered by co-administration of the following drugs and
dose adjustment is not required: Tenofovir, lopinavir/ritonavir, rilpivirine, boceprevir, telaprevir,

rifabutin or high dose prednisone.

Table 2.4.2.8-2 Effects of concomitant medications on DTG pharmacokinetics.

Geometric Mean Ratio (90% CI) of Dolutegravir
Pharmacokinetic Parameters With/Without
Coadministered Drugs
Coadministered Drug(s) Dose of No Effect =1.00
and Dose(s) TIVICAY n Crnax AUC C.or Cyy

|Atazanavir 30 mg 12 1.49 1.91 2.80
400 mg once daily once daily (1.40 to 1.59) (1.80 to 2.02) (2.52t0 3.11)

|Atazanavir/ritonavir 30 mg 12 1.33 1.62 2.21
300/100 mg once daily once daily (1.25t0 1.42) (1.50 to 1.74) (1.97 to 2.47)

Tenofovir 50 mg 16 0.97 1.01 0.92
300 mg once daily once daily (0.87 to 1.08) (0.91to 1.11) (0.82to 1.04)

IDarunavir/ritonavir 30 mg 15 0.89 0.78 0.62
600/100 mg twice daily once daily (0.83 10 0.97) (0.72 to 0.85) (0.56 t0 0.69)

Efavirenz 50 mg 12 0.61 0.43 0.25
600 mg once daily once daily (0.51 to 0.73) (0.35t0 0.54) (0.18 to 0.34)

Etravirine 50 mg 16 0.48 0.29 0.12
200 mg twice daily once daily (0.43 t0 0.54) (0.26 to 0.34) (0.09 to 0.16)

Etravirine + darunavir/ritonavir 50 mg 9 0.88 0.75 0.63
200 mg + 600/100 mg twice daily once daily (0.78 to 1.00) (0.69 to0 0.81) (0.52 10 0.76)

[Etravirine + lopinavir/ritonavir 50 mg 8 1.07 1.10 1.28
200 mg + 400/100 mg twice daily once daily (1.02t0 1.13) (1.02 to 1.20) (1.13 to 1.45)

Fosamprenavir/ritonavir 50 mg 12 0.76 0.65 0.51
700 mg + 100 mg twice daily once daily (0.63 t0 0.92) (0.54 10 0.78) (0.41 t0 0.63)

Lopinavir/ritonavir 30 mg 15 1.00 0.97 0.94
400/100 mg twice daily once daily (0.94 t0 1.07) (0.91 to 1.04) (0.85 to 1.05)

Maalox 50 mg 16 0.28 0.26 0.26
single dose (0.23 t0 0.33) (0.22 t0 0.32) (0.21t0 0.31)

Maalox 50 mg 16 0.82 0.74 0.70
2 hrs after single dose (0.69 to 0.98) (0.62 t0 0.90) (0.58 to 0.85)

Multivitamin 50 mg 16 0.65 0.67 0.68
One tablet once daily single dose (0.54 t0 0.77) (0.55t0 0.81) (0.56 to 0.82)

Omeprazole 50 mg 12 0.92 0.97 0.95
40 mg once daily single dose (0.75to 1.11) (0.78 to 1.20) (0.75to 1.21)
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Prednisone 50 mg 12 1.06 1.11 1.17

60 mg once daily with taper once daily (0.99 to 1.14) (1.03 to 1.20) (1.06 to 1.28)
Rifampin® 50 mg 11 0.57 0.46 0.28

600 mg once daily twice daily (0.49 to 0.65) (0.38 t0 0.55) (0.23 t0 0.34)
Rifampin® 50 mg 11 1.18 1.33 1.22

600 mg once daily twice daily (1.03to 1.37) (1.15to0 1.53) (1.01 to 1.48)
Rifabutin 50 mg 9 1.15 0.95 0.70

300 mg once daily once daily (0.97 to 1.36) (0.81 to 1.09) (0.57 to 0.86)
Rilpivirine 50 mg 16 1.13 1.12 1.22

25 mg once daily once daily (1.06 to 1.21) (1.05t0 1.19) (1.15to 1.30)
Tipranavir/ritonavir 50 mg 13 0.53 0.41 0.24

500/200 mg twice daily once daily (0.50t0 0.57) (0.38 t0 0.44) (0.21 10 0.27)
Telaprevir 50 mg 15 1.18 1.25 1.40

750 mg every 8 hours once daily (1.11to 1.26) (1.19to 1.31) (1.29to0 1.51)
IBocepravir 50 mg 13 1.05 1.07 1.08

800 mg every 8 hours once daily (0.96 to 1.15) (0.95 to 1.20) (0.91 to 1.28)

* Comparison is rifampin taken with dolutegravir 50 mg twice daily compared with dolutegravir 50 mg twice daily.
® Comparison is rifampin taken with dolutegravir 50 mg twice daily compared with dolutegravir 50 mg once daily.

2.4.2.9 Is there a known mechanistic basis for pharmacodynamic drug- drug interactions, if

any?

There are no known pharmacodynamic drug-drug interactions for DTG.

2.4.2.10 Are there any unresolved questions related to metabolism, active metabolites, metabolic
drug interactions, or protein binding?

(b) (4)

Both efavirenz and nevirapine can induce and inhibit

multiple CYPs and UGTs, so they can exhibit different drug interaction results depending on the
metabolic characteristics of the co-administered drugs. For example, as shown in the following table,

nevirapine and efavirenz exhibited differential effects on maraviroc, rifabutine, darunavir, and

zidovudine.

Table 2.4.2.10 Comparison of nevirapine and efavirenz drug interactions and clinical

recommendations
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Coadministered | Nevirapine (NVP) Efavirenz (EFV)
drugs
AUC Cmax Cmin AUC Cmax Cmin
ATV/ 1ty 119% 2% 159% AN ™M7% 142%
(¥35% -12%) (¥15%-124%) (¥73-40%) (18-27%) 131-51%
Clinical Do not coadminister due to the decreased exposure of ATV/rtv can be administered with efavirenz
recommendation ATV and the increased the exposure of NVP
LPV/ rtv 127% 119% 151% 119% PEN 139%
($47-2%) (¥38% -15%) (372-26%) (¥36% -13%) (¥3-62%)
Maraviroc % 154% o 145% 151% 145%
(¥35%-155%) (6%-T151%) (¥38-51%) (¥37-62%) 128-57%)
Maraviroc 300 mg twice daily is recommended with Maraviroc 600 mg twice daily is recommended
Clinical NVP with EFV
recommendation
Indinavir 131% 115% 144% 46% 129% 3157%
(¥39-22%) ($24-4%) (¥53-33%) (¥37-54%) (11-43%) ($50-63%)
Nelfinavir PN o 132% 120% 21% o
($50% -15%) (18-34%) (110-33%)
Clinical An appropriate dose of nelfinavir with respect to safety | Efavirenz can be used with nelfinavir without dose
recommendation and efficacy has not been established adjustments
Clarithromycin 131% 123% 156% 139% 26% 153%
(¥38-24%) (¥31-14%) (370-36%) (¥30-46%) (¥15-35%) (Y42-63%)
Darunavir/rtv T40% T24% o 115% $13% 131%
(T14-T73%) (¥3-757%) ($28-0%) ($25-T1%) (Y46-413%)
Ethinyl 120% o ND N o o
Estradiol (¥33-3%)
Rifabutin 7% 128% o 138% 132% 145%
($2%-1T40%) (19-51%) (328-47%) (¥15-46%) (¥31-56%)
Caution should be used in concomitant administration Increase daily dose of rifabutin by 50%. Consider
Clinical as some patients may be at higher risk for rifabutin doubling the rifabutin dose in regimens where
recommendation toxicity rifabutin is given 2 or 3 times a week
Zidovudine 128% 130% ND o VRS 1225%
140-4% 151% -114% 143-640%

2.4.3 What issues related to dose, dosing regimens, or administration are unresolved and
represent significant omissions?

There are no significant issues relating to dose, dosing regimens, or administration at this time

2.5 General Biopharmaceutics

251 Based on the biopharmaceutics classification system (BCS) principles, in what class is
this drug and formulation? What solubility, permeability, and dissolution data support this
classification?

DTG is BCS class II (low solubility, high permeability) drug. Please refer to the Biopharmaceutics
review for further details.

2.5.2 What is the relative bioavailability of the proposed to-be-marketed formulation to the
pivotal clinical trial? 2.5.2.1.1. What data support a waiver of in vivo BE data?
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The formulation used in pivotal Phase III studies is identical to the commercial formulation with the
following exceptions; the Phase III tablet is deep convex round and the commercial tablet is normal
convex round. The Phase III tablet is film coated ]
and the commercial tablet is film coated O® This is a
components and composition-SUPAC level 2 change that can be supported with dissolution profile
comparison and similarity f2 data. The applicant provided dissolution data using 5 different dissolution
media and demonstrated that dissolution is similar between two formulations in all media (f2 > 50 for all
media). Please refer to the Biopharmaceutics review for further details.

2.5.3 What is the effect of food on the bioavailability (BA) of the drug from the dosage form?
What dosing recommendation should be made, if any, regarding administration of the product in
relation to meals or meal types?

The effects of food are dependent upon the calorie, fat content, dose of DTG (20 mg vs. 50 mg of DTG)
and possibly formulation (AW vs. AP). In study ING111322, administration of DTG at a single dose of
20 mg (10 mg tablet x 2) with a moderate fat meal (30% fat/699 Kcal) slightly increased AUC (11%) and
Cinax (11%). In study ING112941, administration of DTG at a single dose of 50 mg (25 mg X 2 tablets,
AP formulation) with a high fat meal (53 % fat/869 Kcal) significantly increased the AUC and C,,,x by
84% and 94%, respectively. In ING113674, administration of DTG at a single dose of 50 mg (25 mg X 2
tablets, AW formulation) with a low fat (7% fat/300 Kcal), moderate fat (30% fat/ 600 Kcal) and high fat
(53%/870Kcal) meal increased DTG AUC by 33%, 41%, and 66%, respectively. Tp,,x was prolonged to 3,
4, or 5 hours from 2 hours under fasted conditions. As the composition of AW formulation used in this
study is the same with the to-be-marketed formulation (with the exception of containing 25 mg DTG
instead of 50 mg), the study results from ING113674 are considered most clinically relevant among the 3
food effect study results.

The meta-analysis conducted by the applicant using phase I trials also indicated that exposures of DTG

are increased approximately 30% under fed conditions compared to the exposures under fasted conditions
(Table 2.2.5.2)

The increased exposure with food is not considered clinically significant based on the accumulated
safety data in Phase IIb and III studies which permitted DTG dosing without restriction to food or food
content. The PK variability for AUC .., in the SPRING-1 dose ranging trial was 40-48% across doses,
suggesting that dosing without regard to food does not lead to unpredictable high exposures in clinical
practice. It is unknown if the increased exposure is beneficial to efficacy when DTG exposure is
expected to be low (e.g., co-administration of drugs that can decrease DTG exposure or subjects with
severe renal impairment).

Table 2.5.3-1 Summary of DTG PK following a single dose 20 mg under fed vs. fasted conditions
(ING111322)
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Plasma DTG PK 20 mg Oral Tablet 20 mg Oral Tablet Fed Tablet/Fasted Tablet
Parameter Fasted Fed (Treatment B/Treatment A)
(Treatment B) (Treatment C) N=12
N=12 N=12
AUC(0-0) 23.5 26.0 1.1
(ug.h/mL) (38) (33) [1.02,1.21]
Cmax 1.30 1.44 1.1
(ng/mL) (30) (16) [1.01,1.22]

Source Data: Study ING111322, Table 11.19 and Table 11.20

geometric mean (CVb%) for PK summary and GLS mean ratio (90% ClI) for treatment comparison
Treatment B = 10mg as DTG 10mg tablet x 2 administered under fasted conditions
Treatment C = 10mg as DTG 10mg tablet x 2 administered under fed conditions

Table 2.5.3-2 Summary of DTG PK following a single dose 50 mg under fed vs. fasted conditions

(ING112941)

Plasma DTG PK 50 mg (2x25 mg) 50 mg (2x25 mg) Fed Tablet/Fasted Tablet
Parameter Oral Tablet Fasted Oral Tablet Fed (Treatment B/Treatment A)
(Treatment A) (Treatment B) N=12
N=12 N=12
AUC(0-0) 347 67.2 1.94
(ng.h/imL) (57) (24) [1.63,2.30]
Cmax 1.84 3.39 1.84
(ng/mL) (44) (17) [1.55, 2.19]

Source Data: Study ING112941, Table 11.3 and 11.4

geometric mean (CVh%) for PK summary and GLS mean ratio (30% Cl) for freatment comparison
Treatment A: 50 mg DTG as 25 mg X 2 (AP formulation) administered under fasted conditions
Treatment B: 50 mg DTG as 25 mg X 2 (AP formulation) administered under fed conditions (high fat)

Table 2.5.3-3 Summary of DTG PK following a single dose 50 mg g.d. under various fed conditions

(ING113674)
Plasma DTG PK 50 mg 50 mg 50 mg 50 mg
Parameter (2x25 mg) Oral | (2x25mg) Oral | (2x25 mg) Oral (2x25 mg) Oral
Tablet Fasted | Tablet with Low | Tablet with Mod | Tablet with High
N=18 Fat Meal Fat Meal Fat Meal
N=18 N=18 N=18
AUC(0-) 50.3 66.7 710 836
(27) (35) (31) (39)
Cmax 265 3.88 403 4.44
(28) (21) (19) (24)

Data Source: ING113674, Table 11.6

geometric mean (CVb%) for PK summary

DTG 50 mg AW = DTG 50 mg using new formulation 1 fasting

DTG 50 mg AW + Low Fat = DTG 50 mg using formulation AW with low fat meal

DTG 50 mg AW + High Fat = DTG 50 mg using formulation AW with high fat meal
DTG 50 mg AW + Mod Fat = DTG 50 mg using formulation AW with moderate fat meal

2.5.4 When would a fed BE study be appropriate and was one conducted?

A fed BE study is not required for the approval.
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2.5.5 How do the dissolution conditions and specifications ensure in vivo performance and
quality of the product?

Please refer to the Biopharmaceutics review for information regarding dissolution conditions and
specifications.

2.5.6 If different strength formulations are not bioequivalent based on standard criteria, what
clinical safety and efficacy data support the approval of the various strengths of the to-be-
marketed product?

Not applicable to this submission. Only one formulation (50 mg tablet) is proposed for marketing at this
time.

2.5.7 If the NDA is for a modified release formulation of an approved immediate product without
supportive safety and efficacy studies, what dosing regimen changes are necessary, if any, in the
presence or absence of PK-PD relationship?

Not applicable to this submission.

2.5.8 If unapproved products or altered approved products were used as active controls, how is BE
to the approved product demonstrated? What is the basis for using either in vitro or in vivo data
to evaluate BE?

Not applicable to this submission.

2.5.9 What other significant, unresolved issues related to in vitro dissolution or in vivo BA and
BE need to be addressed

Threre are no in vivo BA and BE issues that need to be addressed at this time. Please refer to the
Biopharmaceutics review for in vitro dissolution data.

2.6 Analytical Section
2.6.1 How are the active moieties identified and measured in the plasma in the clinical
pharmacology and biopharmaceutics studies?

The active moiety (DTG) was identified and plasma samples were analyzed using validated LC/MS/MS
assays.

2.6.2 Which metabolites have been selected for analysis and why?
No metabolites were routinely analyzed in DTG studies except in the mass balance trial and renal

impairment study. The major circulating form is DTG parent drug and metabolites are
pharmacologically inactive.
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2.6.3 For all moieties measured, is free, bound, or total measured? What is the basis for that

decision, if any, and is it appropriate?

Total plasma concentrations were determined for all clinical pharmacology studies with exceptions in

renal and hepatic impairment trials where both free concentrations were additionally measured. This is

acceptable since it is standard to measure total concentrations and DTG is not a narrow therapeutic index

drug.

2.6.4 What bioanalytical methods are used to assess concentrations?

The bioanalytical method for the measurement of dolutegravir (DTG) concentrations in plasma and

phosphate buffered saline (PBS, matrix for protein binding assays) was based on extraction by protein
precipitation using acetonitrile containing an isotopically labeled internal standard ([*H;'*N]-DTG)

followed by HPLC-MS/MS analysis with a TurbolonSpray interface and multiple reaction monitoring.

The following table shows summary of each validation report and clinical studies supported. Please refer

to the individual trial reviews in Section 4 for bioanalysis information of an individual study.

Table 2.6.4-1 List of validation methods and clinical studies supported by each method

Validation report Clinical study supported Document
Number
Study Site
DTG human plasma EDTA (original method) ING111207, ING111322 RD2007/01425
ING111521, ING111602 2011N112541
Title: Validation of a method for the determination of ING111603, ING111604
GSK134952 in human plasma (range 5-5000 ng/mL) using ING111853, ING111854 GSK
HPLC-MS/MS ING111856, ING112276
ING112934, ING112941
ING112961
DTG human plasma EDTA ING113068, ING113096 RD2010/00175
(lower limit of quantitation raised) ING113097, ING113125 2011N112542
ING113674, ING114005
Title: the validation of a method for the determination of ING114819, ING116070 GSK
GSK1349752 (range 20 to 20000 ng/mL) using HPLC-MS/MS.
DTG human plasma (EDTA) ING111762, ING111855 2011N112453
(Transfer of original method to ' @ Full validation) ING112574,ING113086
ING113099, ING114556 1G4
Title: Validation of a method for the determination of ING114581, ING115381
GSK1349572 in Human plasma by LC-MS/MS) ING115696, ING115697
ING115698, LAI116181
DTG Phosphate buffered Saline ING113097, ING113125 201IN112679
ING116070
Title: The validation of a method for the determination of GSK
GSK1349572 range 1 to 1000 ng/mL) in phosphate buffered
saline using HPLC-MS/MS
DTG human cerebrospinal fluid ING116070 2012N145767
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Title: Validationn of a method for the determination of
GSK 1349572 in human cerebrospinal fluid (CSF) by LC-

(b) (4)

HPLC-MS/MS

Title: The validation of a method for the determination of
GSK2832500 (range 1 to 1000 ng/mL) in human plasma using

MS/MS
DTG2832500 (glucuronide of dolutegravire; M3) Human ING113125 2011N122389
plasma (EDTA)- Original method full validation

GSK

2.6.4.1-5.

What is the range of the standard curve? How does it relate to the requirements for clinical
studies? What curve fitting techniques are used?

What are the lower and upper limits of quantification (LLOQ/ULOQ)?
What are the accuracy, precision, and selectivity at these limits?

What is the sample stability under the conditions used in the study (long-term, freeze-thaw, sample-
handling, sample transport, autosampler)?
What is the QC sample plan?

Please refer to the following table for information pertaining to questions 2.6.4.1.-2.6.4.5

Table 2.6.5 Summary of bioanalysis method validation

Validation report

LLOQ, validation range, QC levels, precision , accuracy, and stability

DTG human plasma EDTA
(original method)

Lower limit of quantitation: 5 ng/mL

Validated Range: 5- 5000 ng/mL

QC levels: 5, 20, 400, 4000, and 5000 ng/mL

Within-run Precision (% CV): <14.4%

Between-run Precision (% CV): <3.8%

Within-run Accuarcy (% Bias): -8.4 <bias <-0.7%

Stability in Human Plasma: At least 3 freeze-thaw cycles from - 30°C
At least 16 months at - 30°C
At least 24 hours at ambient temperature

Processed Extract Stability : At least 3 days at ambient temperature

(Transfer of original method to
® @ Eyl] validation)

DTG human plasma EDTA Lower limit of quantitation: 20 ng/mL
(lower limit of quantitation Validated Range: 20- 20000 ng/mL
raised) QC levels: 20, 60, 1600, 16000, 20000 ng/mL
Within-run Precision (% CV): <4.5%
Between-run Precision (% CV): <2.7%
Within-run Accuarcy (% Bias): -0.3 <bias <-9.6%
Stability in Human Plasma: At least 3 freeze-thaw cycles from - 20°C
At least 265 days at - 20°C
At least 24 hours at ambient temperature
Processed Extract Stability : At least 3 days at ambient temperature
DTG human plasma (EDTA) Lower limit of quantitation: 20 ng/mL

Validated Range: 20- 20000 ng/mL

QC levels: 20, 60, 1600, 16000, 20000 ng/mL
Within-run Precision (% CV): <8.0%
Between-run Precision (% CV): <7.5%

Within-run Accuarcy (% Bias): -1.6 <bias <16.9%

Stability in Human Plasma: 5 freeze-thaw cycles from - 20°C and - 70°C

At least 373 days at - 20°C

At least 147 hours at ambient temperature
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Processed Extract Stability : At least 3 days at ambient temperature
DTG Phosphate buffered Saline | Lower limit of quantitation: 1ng/mL
(PBS) Validated Range: 1-1000 ng/mL
QC levels: 1, 3, 80, 800, 1000 ng/mL
Within-run Precision (% CV): <6.2%
Between-run Precision (% CV): <2.2%
Within-run Accuarcy (% Bias): -4.4 <bias <4.4%
Stability in PBS : At least 3 cycles from 4°C to ambient
At least 17 days at 4°C
At least 24 hours at ambient temperature
Processed Extract Stability : At least 1 day at ambient temperature
DTG human cerebrospinal fluid | Lower limit of quantitation: 1ng/mL
Validated Range: 1-1000 ng/mL
QC levels: 1, 3, 30, 150, 750 ng/mL
Within-run Precision (% CV): <9.0%
Between-run Precision (% CV): <12.7%
Within-run Accuarcy (% Bias): -10.0 < bias <17.8%
Stability in Human Plasma: 5 freeze-thaw cycles from - 20°C and - 70°C
At least226 days at - 20°C and - 70°C in CSF:plasma 1:1
At least 6.5 hours at ambient temperature
Processed Extract Stability : At least 109 hours at ambient temperature
DTG2832500 (glucuronide of Lower limit of quantitation: 1ng/mL

dolutegravire; M3) Human Validated Range: 1-1000 ng/mL
plasma (EDTA)- Original QC levels: 1, 3, 80, 800, 1000 ng/mL
method full validation Within-run Precision (% CV): <12.6%

Between-run Precision (% CV): <1.4%
Within-run Accuarcy (% Bias): -3.9 <bias <12.8%
Stability in Human Plasma: at3 least freeze-thaw cycles from - 20°C and - 70°C
At least 127 days at - 20°C
At least 24 hours at ambient temperature
Processed Extract Stability : At least 48 hours at ambient temperature
Stability in Human Blood : At least 2 hours at 37 °C
: At least 2 hours at ambient temperature

12 Page(spf Draft LabelinghavebeenWithheldin Full asb4 (CCI/TS)immediatelyfollowing this page
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4. Appendices
4.1. Individual study review

4.1.1 General clinical pharmacology and biopharmaceutics

Individual study review ING111853

Study title An Open Label, Non-Randomized, Single dose, Mass Balance Study to Investigate the
Recovery, Excretion, and Pharmacokinetics of 14C-GSK 1349572 20 mg, Administered as a Single Oral
Suspension Dose to Hea