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EXECUTIVE SUMMARY

TIVICAY® (dolutegravir, DTG) is an integrase strand transfer inhibitor approved for the treatment of
HIV-1 in adult and adolescent patients. The applicant submitted a pediatric efficacy supplement to
support the use of TIVICAY in subjects weighing at least Iy

Table 1. Proposed Dosing Regimens for Pediatric Patients by the Applicant

Weight | TIVICAY dose
(b) (4)
30 to <40 kg 35 mg
>40 kg 50 mg

To support the proposed doses in pediatric patients, the applicant submitted the clinical study report,
entitled “A Phase I/II, Multi-Center, Open-Label Study of the Pharmacokinetics, Safety, Tolerability, and
Antiviral Activity of GSK1349572, a Novel Integrase Inhibitor, in Combination Regimens in HIV-1
Infected Infants, Children, and Adolescents: Results of Cohort I Week 48/Cohort IIA Week 24 Analyses
(IMPAACT P1093)” and a population pharmacokinetic analysis report. Consistent with most pediatric
HIV trials, an exposure-matching approach (i.e., extrapolation of efficacy from adults to pediatrics when
exposures are comparable) was used to support the approval of DTG in pediatric patients.

In addition, the submission contains chemistry, manufacturing and controls data to support the
introduction of the two new lower strength tablets, 10 mg and 25 mg.

RECOMMENDATION

The Office of Clinical Pharmacology has reviewed the submission and agrees that the submitted data

support the use of dolutegravir in pediatric subjects weighing at least 30 kg. o

SUMMARY OF IMPORTANT CLINICAL PHARMACOLOGY FINDINGS

In this Phase I/II multi-center, open-label study in HIV-1-infected pediatric subjects (P1093), pediatric
patients (aged 6 years and older) received approximately 1 mg/kg DTG. DTG exposures in pediatric
patients weighing 30 kg and above were comparable to those observed in adults. However, in subjects
providing intensive PK samples in the 20 to < 30 kg group, DTG exposures were significantly lower as
compared to those observed in adults. Simulated PK parameters in this weight band were comparable to
those in adults. No intensive PK data were collected in subjects weighing 15 to < 20 kg. R
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Table 2. DTG Pharmacokinetics in Pediatric Patients by Weight Band

Weight band DTG daily Type of PK data Chnax AUC,4;, Caunr
dose (mg/kg (ng/mL) (ng-hr/mL) (ng/mL)
dose)
>40 kg 50 mg Intensive (n=14) 3.91 50.1 0.99
(<1.25 (42.2%) (51.8%) (64.7%)
mg/kg) Population 3.80 60.3 1.30
PK (26.5%) (31.1%) (52.0%)
30 to <40 kg 35 mg Intensive PK (n=3) 4.40 64.5 1.33
(0.88 to 1.67 (53.8%) (63.7%) (92.3%)
mg/kg) Population 4.01 62.2 1.32
PK (28.4%) (20.2%) (18.0%)
20 to <30 kg 25 mg Intensive PK (n=4) 2.84 34.1 0.51
(0.83 to 1.25 (50.7%) (45.9%) (43.7%)
mg/kg) Population 3.67 53.6 0.94
PK (29.2%) (25.2%) (40.4%)
15 to <20 kg 20 mg Intensive PK None None None
(1.00 to 1.33 Population 4.09 554 0.90
mg/kg) PK (14.0%) (25.0%) (51.7%)
Adult 50 mg Population PK 3.64 53 1.11
(label) (20%) 27%) (46%)

Data expressed as geometric mean (%CV)

LABELING RECOMMENDATION

The labeling language is still under discussion at the time this review was finalized.
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INDIVIDUAL TRIAL REVIEW

Title: A Phase I/II, Multi-Center, Open-Label Study of the Pharmacokinetics, Safety, Tolerability, and
Antiviral Activity of GSK1349572, a Novel Integrase Inhibitor, in Combination Regimens in HIV-1
Infected Infants, Children, and Adolescents: Results of Cohort I Week 48/Cohort ITA Week 24 Analyses

Primary Objectives:

e To select a DTG dose for chronic dosing in infants, children, and adolescents that achieves
similar exposure to the DTG adult dose

e To determine the safety and tolerability of DTG in HIV-1-infected infants, children, and
adolescents at 24 and 48 weeks

e To evaluate the steady-state PK of DTG in combination with other antiretrovirals (optimized
background therapy, [OBT]) in treatment-experienced, HIV-1-infected infants, children, and
adolescents, and to determine the dose of DTG that achieves a targeted AUCy, (primary PK
endpoint) and Cyy;, (secondary PK endpoint) in this population

Study Design

P1093 is a Phase I/II multi-center, open-label study in HIV-1-infected pediatric subjects ages >4 weeks to
<18 years to evaluate the PK parameters, safety, tolerability, and antiviral activity of DTG when
administered both prior to starting, and in combination with optimized background therapy (OBT).

There are five age-defined groups in P1093 (enrolled in six cohorts) as follows:
e Cohort I: Adolescents > 12 to <18 years of age (tablet formulation)
e Cohort ITA: Children > 6 to <12 years of age (tablet formulation)
e Cohort IIB: Children > 6 to <12 years of age (pediatric formulation)
e Cohort III: Children > 2 to <6 years of age (pediatric formulation)
e Cohort IV: Children > 6 months to <2 years (pediatric formulation)
e Cohort V: Infants > 4 weeks to <6 months (pediatric formulation)

The current submission contains Week 48 data of Cohort I and Week 24 data of Cohort ITA. Subjects
were enrolled sequentially in age-defined cohorts. Each age cohort consists of two sequential stages:
Stage I and II. The objectives of Stage I were to examine PK parameters after intense sampling and
evaluate the short term tolerability and safety of DTG in approximately 10 subjects, allowing the selection
of a dose for further study in additional subjects in Stage II. Longer-term safety and antiviral activity of
DTG were assessed from data obtained from both Stage I and Stage II.

Reviewer comments:

Data from Cohort I through Week 24 were submitted at the time of the original NDA application and
reviewed. While this review is primarily focused on the new data (Cohort IIA through Week 24), previous
PK data from Cohort I will be used for combined analyses to compare PK across weight bands.
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Treatment Assignment

For those subjects who enrolled in Stage I (intensive PK stage), DTG treatment was added to a stable,
failing ARV regimen or started as monotherapy for those not taking ARVs. After intensive PK sampling
was performed between Days 5 to 10, the background ARV regimen was immediately optimized. To
minimize the impact of drug-drug interactions on PK, the use of atazanavir/ritonavir (ATV/ RTV), ATV,
nevirapine (NVP), efavirenz (EFV), fosamprenavir (FPV), FPV/RTV, tipranavir (TPV), or TPV/RTV
was not allowed prior to the initial PK evaluation but could be added as part of optimized background
therapy. All ARV regimens must have contained at least one fully active drug and one additional drug in
the OBT, in addition to DTG. For subjects receiving concomitant rifampin, EFV, FPV/RTV, or
TPV/RTYV after the intensive PK was performed, it was recommended that the dose of DTG be increased
to twice-daily administration.

Table 3. Doses for Subjects Enrolled in P1093 Cohort I and ITA

Weight Range | Dose Tablets taken Dose in mg/kg Dose in mg/kg
(kg) (mg) for lower weight | for upper weight
subjects subjects
15-<20 20 | Two 10 mg tablets 1.33 1.00
20-<30 25 | One 25 mg tablet 125 0.83
30 - <40 35 | One 10 mg tablet AND one 25 mg tablet 117 0.88
>40 50 | One 50-mg tablet 1.25 <125

Concomitant Medications

Data on prior and concomitant medications were collected throughout the study. Raltegravir or
elvitegravir could not be co-administered with DTG. Dofetilide and medications for HCV therapy were
also prohibited. Due to their enzyme induction potential, the following medications could not be
administered concurrently with DTG; barbiturates, modanafil, oxcarbazepine, pioglitazone, troglitazone,
rifampin, rifabutin, phenytoin, phenobarbital, carbamazepine, or St. John’s wort. DTG was to be
administered 2 hours before or 6 hours after taking antacid products containing divalent cations (e.g.
aluminum and magnesium) or iron supplements.

Key Inclusion Criteria

Key inclusion criteria include antiretroviral therapy (ART)-experienced, INI-naive infants, children, and
adolescents age > 4 weeks to <18 years at study entry, with confirmed HIV-1 infection, and an optimized
background regimen that contains at least one fully active drug.

Key Exclusion Criteria

Key exclusion criteria include known resistance to an integrase inhibitor, presence of any active AIDS-
defining opportunistic infections, known Grade 3 and Grade 4 lab toxicities, evidence of pancreatitis,
liver toxicity, or known exposure to an integrase inhibitor.
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Description of Investigational Products
Table 4. Description of Investigational Products

Investigational Strength and Batch Numbers from Lot Number
Product Packaging Certficate of Analysis

Dolutegravir 10 mg tablets 101276423 111277992
30 tablets per bottle 121353478 121353478

25 mg tablets 101271002 101275522

30 tablets per bottle 121353498 121353498

50 mg tablets 101258083 101257683

30 tablets per bottle 111287795 111288487

Reviewer comments
According to the applicant, the clinical image tablets and the commercial image tablets are identical

(b) (4)

except that the clinical image tablets are plain film coated with and the commercial

image tablets are debossed and coated with ]

vellow. The applicant submitted in vitro
dissolution study results to support the approval of the commercial image tablets. Refer to Dr. Om

Anand’s review for detailed information.

Pharmacokinetic Sample Collection

Pharmacokinetic samples were collected at time-points outlined in Table 5.

For intensive PK sampling, the PK evaluation was scheduled so that witnessed dosing of DTG was as
close as possible to 24 hours (generally 22-26 hours) after the previous dosing. Subjects were to be
compliant in taking their medications for 3 days prior to the intensive PK visit; otherwise the intensive PK
visit was to be re-scheduled. Subjects were fasted for 6 hours prior to dosing. Liquids including milk and
juice could be consumed up to 4 hours prior to dosing. Subjects could consume a light meal of their
choice 4 hours after dosing on the intensive PK day.

Table 5. Sample Collection Times for Stages I (intensive PK) and Stages II (Sparse PK) in P1093

Stage | Sample Times Relative to Dose

Between Days 5-10 Pre-dose, 1,2, 3,4 6,8 and 24 hours post dose

Week 4 Pre-dose, 2-4 hours post dose

Week 12 Any time post dose

Week 24 2 samples of 2 hours apart between 12 and 26 hours post dose
Stage ll

Week 4 Pre-dose, 2-4 hours post dose

Week 12 Any time post dose

Week 24 2 samples of 2 hours apart between 12 and 26 hours post dose

Bioanalysis

Human plasma samples were analyzed at I

using a validated LC/MS/MS method. The bioanalytical method and quality control (QC)
results are summarized in Table 6.
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Table 6. Summary of Bioanalysis

Analytes and matrix

Dolutegravir in plasma with EDTA

Extraction method

Protein precipitation using acetonitrile

Internal standard

[1SN2H;]-dolutegravir

Quantitation range (LLOQ-ULOQ)

5 ng/mL to 10,000 ng/mL

QC concentrations and results
(Inter-day precision and accuracy)

15, 450, and 9000 ng/mL
%CV: 8.51t0 10.2%
% deviation: -3.0% to 1.4%

Regression

Linear regression with 1/x?> weighing

stability

Freeze/thaw: three cycles at — 80 °C

Short term: 2 hours at room temperature (in plasma)
Long term: 36 months at — 80 °C (ongoing)
Injection matrix stability: 3 days in autosampler
Stock solution: 13 months at 4 °C (ongoing)

Max sample storage duration from
collection to analysis

13 months

Incurred sample analysis

50/464 (10.8% of samples)
% of incurred samples with % concentration difference more
than 20% : 28%

The following key analysis acceptance criteria were applied.

e QC: Quality controls should fall within + % of the nominal concentration to be accepted.

(b) (4)

of the controls must be in range, and no two at the same concentration can be out of range.

e Standard Curve: A minimum of six calibration standards must be used to define a curve..

(b)

Standard back-calculated values should be within + 4% of the nominal concentration except at

the LLOQ where it can be within £
determination (r?) should be a minimum of

Pharmacokinetic Analyses

(3% for acceptance. The standard curve coefficient of

(b) (4)

Steady-state PK parameters were determined from plasma concentration-time profiles using non-
compartmental methods (WinNonlin version 5.2.1). Per standard practice for samples collected at steady
state, half the lower assay limit for below the limit of quantification (BLQ) result was used. Samples
collected following first dose that were BLQ were zero.

Results

Subject Disposition, Demographics and Baseline Characteristics.

This report contains data from Cohort I through Week 48 and Cohort I1A through Week 24, both with a
data cut-off date of 14 February 2015. A total of 23 subjects from Thailand (n = 3) and the US (n = 20)
were enrolled in Cohort I (Stage I, n = 10; Stage II, n = 13). A total of 23 subjects from South Africa (n =
4), Thailand (n = 3), and the US (n = 16) were enrolled in Cohort IIA (Stage I, n = 11; Stage II, n = 12)

and received DTG.
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Table 7. Subject Accountability

Population DTG Once Daily + OBT
Cohort I2 Cohort lI1A®
Enrolled, N 23 23
Safety (treated with IP), N 23 23
Subjects completed Week 24, n 23 22
Subjects completed Week 48, n 21 16
Off Study Drug, n 13 4
Completed Treatment 1 0
Protocol Defined Clinical Event® 0 1
Pregnancy 1 0
Unable to attend clinic visits 5 1
Non-compliance 4 1
Lost to Follow-up 1 1
Other® 1 0

Cohort | = ages =12 to <18 years of age

Cohort II1A = ages =6 to <12 years of age

Protocol Defined Clinical Event in this case is a virologic failure
Family moved out of state; subject withdrew consent

ac o

Table 8. Baseline Demographics

DTG Once Daily + OBT
Demographics Cohort |2 Cohort IIAP
N=23 N=23
| Age in Years, median (range) 16 (12-17) 10(6-11)
Sex, n (%)
Male 5(22) 16 (70)
Female 18 (78) 7(30)
Weight, mean kg (range) 55(33 -91) 30 (18— 54)
Ethnicity, n (%)
Hispanic or Latino 6 (26) 6 (26)
Race, n (%)
African American/African Heritage 12 (52) 12 (52)
American Indian or Alaskan Native 0 0
Asian 3(13) 3(13)
Native Hawaiian or other Pacific Islander 0 1(4)
White — White/Caucasian/European Hertage 8 (35) 4(17)
More than one race 0 1(4)
Unknown 0 2(9)
a. Cohort|=ages =12 to <18 years of age
b. Cohort IlA = ages =6 to <12 years of age
Table 9. Summary of Baseline Characteristics
DTG Once Daily+ OBT
Baseline Characteristics Cohort |2 Cohort 1A
N=23 N=23
Median (range) Baseline HIV-1 RNA (log ¢/mL) 43(31-54) 50(29-70)

Median (range) Baseline CD4+ (cellsimm?) 466 (11 -10258) 645 (9 -1700)

Median (range) Baseline CD4+ Percent 22 (1-39) 24 (<1-44)

CDC Category Ccor HIV Stage 3, n (%) 9(39) 6 (26)

a.  Cohort | = ages =12 to <18 years of age
b. Cohort A = ages =6 to <12 years of age
c.  Only Category C was collected
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Concomitant Medications

The list of concomitant ARVs used in subjects in Cohort IIA is summarized in Table 10.

In addition, the applicant provided the list of non-ARV concomitant medications used in Cohort I and
ITA. Concomitant non-ARV medications include antibiotics, analgesics, ADHD treatments, vaccines and
vitamins. None of the reported concomitant medications were prohibited medications per the protocol.

Table 10. Cohort ITIA: Concomitant ARV from Day 1 to Optimization and Post-Optimization

Day 1 to Optimization Post Optimization
Cohort llA2 Cohort llA2

Concomitant ART Stage | Stage | and |I

N=11 N=23

n (%) n (%)
Subjects with one or more concomitant ART 8(73) 23 (100)
3TC (lamivudine) 4 (36) 10 (44)
ABC (abacavir) 2(18) 3(13)
ATV (atazanavir) 0 6 (26)
d4T (stavuding) 1(9) 1(4)
ddl (didanosine) 3(27) 2(9)
DRV (darunavir) 0 4 (17)
EFV (efavirenz) 0 2(9)
FTC (emfricitabine) 1(9) 9 (39)
IDV (indinavir) 1(9) 0
LPV/RTV (lopinavir/ritonavir) 4 (36) 5(22)
RTV (ritonavir) 1(9) 9 (39)
TDF (tenofovir) 0 11 (48)
ZDV (zidovudine) 5 (46) 4 (17)

a: 6 to < 12 years old
In two subjects receiving concomitant efavirenz, one subject received twice daily DTG.

Pharmacokinetic Results

Pharmacokinetic Subject disposition

The number of subjects providing intensive PK samples or sparse samples for the population
pharmacokinetic analyses is summarized in Table 11 (by age cohort) and Table 12 (by weight). Note that

the accountability of subjects is not mutually exclusive for intensive and sparse PK.

Table 11. Subject Accountability for PK Sampling by Cohort

Reference ID: 3929573

All (safety and Number of subjects | Number of subjects Total daily doses
efficacy population) with intensive with sparse sampling
sampling
Cohort I 23 10 23 50 mg (n=19)
(12 to < 18 years) 35 mg (n=4)
Cohort II 23 11 13 70 mg (35 mg BID,
(6to <12 years) n=1)
50 mg (n=5)
35 mg (n=6)
25 mg (n=8)
20 mg (n=3)
9




Table 12. Subject Accountability for PK Sampling by Weight

DTG daily dose Total number of Intensive PK Sparse PK
subjects (safety
population)
>40 kg 50 mg (< 1.25 mg/kg) 24 14 24
>30to 40 kg 35 mg (0.88-1.67 mg/kg) 11 3 6
>20to 30 kg 25 mg (0.83 — 1.25 mg/kg) 8 4 4
> 151020 kg 20 mg (1.00 — 1.33 mg/kg) 3 0 2

Reviewer comments
1. Intensive PK data from Cohort I have been previously reviewed to support the approval of DTG in the
adolescent population. The data were included in this review to compare exposures across weight bands.

2. In Cohort lIA, only 13 out of 23 subjects provided sparse samples. In a recent teleconference
(4/27/2016), the applicant stated that they recently discovered that some sparse PK samples for
approximately 10 subjects were collected but were not shipped to the bioanalytical site. The applicant
stated that O@ Detailed information
as to subject IDs and site IDs for these additional samples is not available at this time.

3. No intensive PK samples were collected from subjects in the lowest weight band (15 to <20 kg).
Pharmacokinetic Results
DTG pharmacokinetics by age cohorts and weight bands are summarized in Table 13 and 14,

respectively.

Table 13. DTG Pharmacokinetic Parameters by Age Cohort (Intensive PK)

Cohort I (12to <18 Cohort IT (6 to < 12 Adults (TIVICAY
years old, N=10) years old, N=11) USPI)
AUC,4(ng*hr/mL) 46 (43.1%) 50 (63.9%) 53
Chax(pg/mL) 3.49 (38.4%) 3.96 (50.0%) 3.64
Con (g/mL) 0.90 (58.6%) 0.93 (89.3%) 1.11
Half life (hr) 12.9 (42.7%) 11.2 (43.0%) 14

Data are expressed as geometric means (CV%). Adult data are from TIVICAY USPI ®

Reference ID: 3929573
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Table 14. DTG Pharmacokinetic Parameters by Weight Band (Intensive PK)

Weight band DTG daily dose Crnax AUC,y, Cosnr
(mg/kg dose) (ng/mL) (pg-hr/mL) (pg/mL)

>40 kg 50mg (<1.25 3.91 50.1 0.99
mg/kg) (42.2%) (51.8%) (64.7%)

30to <40 kg 35 mg (0.88 to 4.40 64.5 1.33
1.67 mg/kg) (53.8%) (63.7%) (92.3%)

20 to <30 kg 25 mg (0.83 to 2.84 34.1 0.51
1.25 mg/kg) (50.7%) (45.9) (43.7%)

15to <20 kg 20 mg (1.00 to None None None

1.33 mg/kg)
Adult 50 mg 3.64 (20%) 53 (27%) 1.11 (46%)

Data expressed as geometric mean (%CV) for intensive PK and geometric median (95% CI) for population PK results,
respectively. PK parameters in adults are from TIVICAY USPL

Reviewer Comments

The proposed dolutegravir doses for pediatric subjects weighing 30 kg and above achieve exposures
comparable to those observed in adults. However, DTG exposures were lower in subjects weighing 20 to
< 30 kg as compared to adults. No issues (e.g., using metabolic inducers) were identified that can
potentially produce lower exposures in these subjects.

<Demographic characteristics and PK parameters of four pediatric subjects weighing 20 to < 30 kg in
Cohort 114, Stage I (Intensive PK)>

Subject ID 450399 507090 362614 852592
Age (years old) 6.7 9.3 8.1 7.8
Sex F M M M
Weight (kg) 22.6 21.2 24.9 214
Dose mg (mg/kg) 25mg (1.11 25mg (1.18 25 mg (1.00 25mg (1.17
mg/kg) mg/kg) mg/kg) mg/kg)
AUC24(ug*hr/mL) 49 58 28 18
Cmax(ug/mlL) 3.6 52 2.4 1.5
C24h (ug/mL) 0.85 0.65 0.39 0.33

1t is unclear why significantly lower exposures were observed in this weight band. It could be due to
inter-individual variability or it could potentially be due to altered absorption of tablets (including
differences in food effects) in smaller children. Note that these patients are also the youngest 4 patients in
Cohort 114, Stage 1. It is unlikely due to changes in metabolism as the ontogeny of UGTIA and CYP3A4 is
well-characterized in this age group. In the population pharmacokinetic analysis conducted by Dr.
Florian, the exposures of DTG in this weight band are marginally (~15%) lower as compared to the DTG
exposures of adults.

11
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Although population pharmacokinetic analysis results for pediatric patients weighing 15 to < 20 kg
indicate that DTG exposures are comparable to those in adults, only two subjects provided samples for
population pharmacokinetics and no intensive PK data were collected for this weight band.

Safety Results

According to the applicant, 22 subjects (96%) in Cohort IIA reported one or more treatment-emergent
clinical adverse events (AEs), the majority of which were considered to be of Grade 1 or Grade 2
intensity. The most commonly reported events were cough, nasal congestion, rash, skin lesion, and
diarrhea. Sixteen (35%) subjects (n=8, Cohort I; n=8, Cohort IIA) developed drug-related AEs as assessed
by the reporting investigator. Drug-related AEs reported in more than 1 subject included alanine
aminotransferase increased (n=2), neutrophil count decreased (n=3), diarrhea (n=2), and dizziness (n=2).
These AE counts are from both cohorts (Cohort I and IIA). The applicant stated that DTG was well
tolerated and no new safety issues were identified. Refer to clinical review for detailed information.

Efficacy

The proportions of subjects with HIV-1 RNA <400 c¢/mL in Cohort I (through Week 48) and 1A
(through Week 24) are summarized in Table 14. In cohort I, 74% (17/23) of patients had HIV-1 RNA <
400 ¢/mL and 61% (14/23) of subjects had HIV-1 RNA < 50 ¢/mL, respectively, at Week 48. In Cohort
ITA, 78% (18/23) of subjects had HIV-1 RNA <400 ¢/mL and 61% (14/23) of subjects had HIV-1 RNA
<50 ¢/mL, respectively, at Week 24.

12
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Table 15. Proportions of Subjects with HIV-1RNA < 400 ¢/mL in Cohort I and ITA

DTG Once Daily + OBT
Cohort I2 Cohort I2 Cohort IIAD
Week 24 Week 48 Week 24
N=23 N=23 N=23
n (%) n (%) n (%)
Virologic Success® 19 (83) 17 (74) 18 (78)
Virological Failure 4(17) 6 (26) 4(17)
Data in window not below threshold 4(17) 4 (17) 4(17)
Discontinued while not below threshold 0 2(9) 0
No Virologic Data 0 0 1(4)
Discontinued for Other Reasons while below threshold 0 0 1(4)

a. Cohort| = ages =12 to <18 years of age

b.  Cohort lIA = ages =6 to <12 years of age
c. Virologic success was defined as plasma HIV-1 RNA <400 c/mL; MSDF Snapshot Algorithm was used in HIV-1

RNA analysis

Subgroup analyses by weight

Proportions of subjects with HIV-1 RNA < 50 ¢/mL by weight are summarized in Table 15.
A numerically higher proportion of subjects with HIV-1 RNA < 50 ¢/mL was observed in pediatric

patients weighing more than 40 kg. No definitive conclusions can be made from this analysis due to the
small numbers of subjects in each group.

Table 16. Proportions of Subjects with HIV-1 RNA <50 ¢/mL in Cohort I and IIA by Weight

Proportion of subjects with HIV-1 RNA < 50 ¢/mL at Week 24
40 kg and above 19/24 (79%)
30to <40 kg 6/11 (54%)
® @
Adults 79% (SAILING Week 24 data)
Conclusions

e DTG exposures in pediatric patients (6 to < 18 years old) weighing 30 kg to <40 kg are
comparable to those observed in adults, thus, the proposed 35 mg dose in this weight group

appears appropriate.

(b) (4)

(b) (4)

o DTG was well tolerated and no new safety issues were identified in pediatric patients (6 to < 18

years old).

e The antiviral activity of DTG in pediatric patients (6 to < 18 years old) observed in this study is

acceptable.

Reference ID: 3929573
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POPULATION PHARMACOKINETIC ANALYSIS

1 RESULTS OF SPONSOR’S POPULATION PK ANALYSIS

All figures and tables, unless otherwise stated, were obtained from the Sponsor’s “Population
Pharmacokinetic Analysis of Dolutegravir in HIV-1 Infected Treatment-Experienced Pediatric
Subjects in Study ING112578 (IMPAACT P1093)” report.

1.1 Objectives

The main objectives of the analysis were:

e To develop a population pharmacokinetic model of dolutegravir (DTG) following oral
administration to HIV-1 infected pediatric subjects 6 to 12 years of age

e To evaluate subject covariates on DTG PK
To obtamn plasma DTG exposure metrics via simulation in order to evaluate the
appropriateness of the current pediatric dosing regimens

e To evaluate the appropriateness of weight-band based doses of DTG tablets in children of
at least 6 years of age

1.2 Datasets Used for Model Development

P1093 is an ongoing Phase I/II study of DTG in HIV-infected children and adolescents aged 6
weeks to <18 years to evaluate the PK, safety, tolerability, and efficacy of DTG when
administered both prior to starting, and in combination with an optimized background regimen.
Subjects are enrolled in a staggered fashion based on age. DTG doses are based on bodyweight,
with the goal of achieving plasma DTG exposure similar to adults administered 50 mg QD.
Doses can be adjusted based on PK and safety results of Stage I mini-cohort (N=4) and full-
cohort (N=10) in each age cohort

Subjects in Cohort I (12 to 18 years) and Cohort ITA (6 to 12 years) received DTG tablet
formulation of 10, 25, and 50 mg strengths. we

Weight-band dosing used in the trial 1s shown below in Table 1:

Table 1 Dolutegravir Weight-Band Dosing in P1093
[ Weight Band Tablet O O Diperamle |

() (mg) Tablet™* (mg)
Sto-13 TA «

15 to <20 20 15
20 0 <30 25 pi)
300 <40 35 30

30 S0

®) @

Source: Sponsor’s Population PK report, pg 24, Table 3-2

14
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Subjects in Stage I contribute intensive sampling from a day 5-10 visit (samples at pre-dose, 1, 2,
3, 4, 6, 8, and 24-hours) and sparse sampling at later visits (week 4 [pre- and post-dose], 12
[post-dose], and 24 [2 samples, 2-hr apart 12 to 26 hr post-dose]). Subjects in Stage II contribute
sparse sampling at the same visits as the Stage 1 subjects (week 4, 12, and 24).

In the Pop PK dataset, there were 487 concentration records. A total of 99 concentration records
were excluded from the analysis, including 8 BLQ concentrations, 87 samples listed as not
collected or not analyzed, 1 lost sample, and 3 concentrations with no dosing records. The
population PK analysis included 41 subjects that contributed a total of 388 plasma DTG
concentrations. The distribution of covariates and number of subjects receiving DTG by weight
band in the analysis are described in Table 2.

Table 2 Covariates and Number of Subjects Included in the Population PK Analysis

Covariate Stafisfic or Catesory 15 to<20 Lz MWt < kg to <40 kg =40lz Overall
T of et 3 7 5 b1 A
- — 2 TOW TS ET8 (0] L T[] EEL T
Fmber of samgples” N | Gomyss 16 (7 M3 0iT) 0{) 4 (10)

- Niasiom [V ] 6| EY IR E) TFI0IT] T
Age at taseline (yr3) Man (30} £.00 () 130N 135077 106358
— Nisciom [MEn ] 185 [170-103] HA0457T] 503 [0 MAL700L0]
Weight at baseline (kg) Mamn (D)) iza(1249) 1EAIT S5103m 137000
— : Miadliom [Min M) B5[167-217] BIEEAT SIS w8l 9T
Weight. tme varying (k) ) 1870.70) 0.47) 358 (140) 340 (18.4)
Tody s e at i T3 ul I NSRS Bl
baseline (k=o' 3 16 :-"j 03 (5. S:--
varying (ko) Mzan (5D 16 ('l -Ii] 03 (3..\_\-
Body surface area 2t Miagliam [Min-Max] [u*?ﬁf:unw LIS[LI125]  1S3[L35-205] 139 [0.710-209)
basaline () Men (3D g 118 {@0.0587) 1.5 (0214) 131 (0.363)
Body swBicearea, fime- | Medim [Min M) . LIG[L11-130]  151[L35-108]  136[0.710-10
varyme () ) Qe 18 (0.05 1.5 (0.218)

abim at =17

i
Alurnin at baseline (gL)
A onrE T A |
baseline (TU/L)
Apartie anmoTansiemse o] L) I BT TR ] P LD IO
at haseline (T71) M= (5D} 383014 LG40 30027 4031307 HIED
— S 0380 0270 EE .

Serum creatinine af basaline | Madian [Min-Max) 20004500 ?ED-U 5100 390-0.600] 300-0.9001 0.500 [0 ‘O'.'l_-lll Q0]
imzd) M (30 FE {0108} Juwl :n %07} e (0.0953) Esmm 118] 0.504 (0137
Serum cremiive, fime- | M [Min-Max] o 10 200 [u_-.[m ) o Ry D“'{:'([]f]*:'} 0,600 [0.210-1.03]

E ‘ 210-0.500] A00-0.880]
varying (me/dl) Mean (3D) D341 [0126) 0.433 0.103) 0.578 0. 136) 0648 11) 1578 [p159)
Creatinme cleaance af Iizdiam [Win-Hx] [0 [I3=-104] 70 I50-135] -4 1583 [T15-254] T [TT15-206]
bassline (mlmin] 73 o) | M (30 128 (73.5) 19 @13) 178 (2.0 16 8.8 169 (38.3)
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Gender N(%) 16
13(4
Rxe N(%) 1545)0
i
Brhmicity N (%) 8(33)
16
CDC dassification of HIV
e 0
" Unimown 0 1 gﬂ’; :gg’ u(S)
T (4 o?!!‘)) 487) ﬂ% 1?83
Cobort N (%) oA 2(50) 4(57) 233) 5@n 13(32)
B 2(50) 3(43) 0(0) 0(0) 503
- — Prasent, Visat | 0 2% 08 ug 2
Metal-cation containing | Present, Visitd 0 2 0 1 3
products® N (%) Present, Visit 3 0 2(50) 0(0) 1(5) 3(9)
e \ 3 —io—
Background ART as Prasent, Visit 2 0(0) 129 147 15(63) 17(47)
R |3 @ 1® B ug i
[1] [] [] 1 1
Mild, Visit 2 0(0) 129 147 11(46) 13(36)
ART=s Mild Visit 3 0(0) 129 147 10(45) 12(36)
: . 1
inducers classified by level o%’;’
ofinduction N (%) 00
0@
0(0)
0
Backzround ART as 08
mhibirors N (%) 3&

Source: Sponsor’s Population PK report, ﬁg 39-41, Table 5-1

Reviewer’s comment:
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1.3 Model Development

The Pop PK model was developed using a nonlinear mixed-effect modeling approach with
NONMEM; the NONMEM VTI software with the first-order conditional estimation method with
mteraction (FOCEI) was used.

An interim Pop PK model for DTG in pediatric subjects from P1093 using approximately 80%
of the available data has previously been developed. The predictive performance of this interim
model was evaluated by applying the additional data as an external validation dataset and
performing simulation using a prediction-corrected visual predictive check (pcVPC) meth(bo)g).

. The full model with backward deletion approach was
utilized for covariate modeling.

Once the final Pop PK model was developed, the ability of the model to describe the observed
data was mvestigated using pcVPC. The corresponding model was used to simulate 500 datasets
based on the covariates, sampling times and the dosing histories contained in the dataset.
Precision of the parameter estimates were evaluated using a nonparametric bootstrap procedure,
generating 1000 datasets (41 subjects in each data set) through random sampling with
replacement from the original data using the individual as the sampling unit.

The final Pop PK model was used to simulate plasma PK profiles of DTG in HIV-1 infected
treatment-experienced pediatric subjects to assess the appropriateness of DTG dosing regimens
as well as the influence of covariates. Pediatric population distributions corresponding to the six
age cohorts in P1093 were constructed based on the CDC growth charts. Two hundred subjects
(100 males and 100 females) were generated for each cohort for a total of 1,200 subjects.
Uniform distribution of age from 6 weeks to 17 years of age was simulated for each cohort based
on the study age criteria.

The simulated exposures were evaluated against the historical adult exposures. Exposure metrics
included steady state AUC (AUC.1a,), maximum concentration (Cp,x), and trough concentration
(Ciaw)- All metrics were calculated assuming no intra-occasion variability. Summary statistics
(geometric mean, CV%, 95% CI, median, range and percentiles (5%, 10%, 25%, 50%, 75%,
90% and 95%)) for AUCO-tau, C,,,,, and C,,, were computed by weight band and age cohort.

1.4 Observed Data

Observed plasma DTG concentrations versus time after dose from all subjects are displayed by
weight band Figure 1.

1 Page has been Withheld in Full as b4 (CCI/TS)

. immediately following this page
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1.5 Population PK Model Results

In the final model, the PK of DTG following oral administration were adequately described by a
one-compartment model with first-order absorption, absorption lag time and first-order
elimination; absorption rate constant, absorption lag time, and relative bioavailability were
formulation-specific. Random effects included inter-individual variability (ITV) as well as intra-
occasion variability (IOV) on the apparent clearance (CL/F) and tablet absorption rate constant
(Ka). Allometric scaling parameters for body weight were fixed to 0.75 and 1 on CL/F and V/F,
respectively, as the estimates were relatively close to these value following estimation. Higher
weight was associated with higher DTG CL/F and V/F. No other covariates were identified as
significant in the current model. Final model parameters are summarized in Table 3. Moderate
shrinkage was observed for CL/F (27.2%) and high shrinkage was observed for Ka (44.1%).

For nonparametric bootstrap analysis, 693 out of 1000 (69.3%) NONMEM runs completed
successfully. Bootstrap parameter estimates (median and 95% CI) summarized from all 1000
runs are presented in Table 3. The high convergence failure rate was likely attributable to the
small sample size.

The goodness-of-fit plots for the final model are shown below for all data (Figure 2) and for the
tablet formulation (Figure 3). All plots demonstrate acceptable performance with no bias or
trends in central tendency.

The final model was also evaluated by performing a pcVPC for all data. There was overall good
agreement for the 5th, median, and 95® percentiles of DTG concentrations between observation
and predictions, with slight over-predictions around absorption phase for the 5% percentile.
Evaluations by weight band was difficult to interpret due to the small sample sizes

Individual model parameters were derived from the final model by an empirical Bayes
estimation method. AUC (. tzy, Cax, and Cy, are summarized by body weight in Table 4.
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Table 3 Parameter Estimates for the Final Dolutegravir Pediatric Population PK Model

CL/F =1.02x (WT/70)"""
V/E =18.1 % (WT/70)

Parameter

. NONNMEM Estimates Bootstrap Estimates®
[Units]
Point %RSE 95% CI Median 959% CI
Estimate
CL/F [L/hr] 1.02 837 0.853-1.19 103 0.884-1.23
V/F[L] 18.1 6.85 15.720.5 18.6 16223.0
ﬁf’r‘n;“ble‘ 0.694 352 0216 1.17 0.824 0.360-3.71
®) @
ALAG. tablet - 5 - 0.00500-
[he] 0.567 4438 0.0692-1.06 0.565 0.976
® @
CL/F~WT 0.750 FIX - - 0.75 FIX -
V/F~WT 1.00 FIX - - 1.00 FIX -
TMsp[wk]° 522 FIX - - . N
Hill® 343FIX = - - :
Inter-individual or inter-occasion - . 0L
variability Shrinkage% CVop
@ 0.105 383 27.2 0.0262-0.184 324 0.105 0.0270-0.199
@'Ka tble 1.64 356 44.1 0.495-2.78 204 2.02 0.648-7.94
@oveL 0.203 256 18.1-444  0.101-0.305 474 0.210 0.123-0.346
G 10V, tablet 2.03 418 463-524  0.366-3.69 257 1.62 1.00E-5-4.02
Residual variability CV9%/SD*
5 -0.00158- 0.0029-
22
G prop 0.0188 553 196 0.0392 137 0.022 0.0660
s 0.134 450 19.6 0.0158-0252 0366 0.107 0.0131-0.240

Abbreviations: %RSE: percent relative standard crror of the estimate = SE/parameter estimate*100, 95% CI = 95% confidence
interval of the parameter, CL/F = apparent clearance, V/F = apparent volume of central compartment, Ka = absorption rate
constant, ALAG = absorption lag time, F=relative bioavailability, WT = baselme body weight. TMs; = maturation half-life, Hill
=slope of mamration, ©° = variance of inter-individual random effect, CV = coefficient of variation of proportional error
(=[czpmp]°'5"100)« 1OV = mter-occasion variability. o’zpmp = proportional component of the residual error model, 0eaa = additive
component of the residual error model .

The reference population 15 2 70 ke person.
#From 1000 bootstrap runs
® Darameters were taken from Anderson’ and were used in the simulation model with maturation function.

€ Residual errors are expressed as CV% for proportional error and SD for additive error.

¥ vy - .Lﬁ" _1 when &’ exceads 015

Source: Sponsor’s Population PK report, pg 51, Table 5-2
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Figure 2: Goodness-of-fit Plots for the Final Population PK Model, All Data (dashed blue
line is Loess smoothing of data and the black line is the line of unity)
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Source: Sponsor’s Population PK report, pg 49, Table 5-2

Figure 3: Goodness-of-fit Plots for the Final Population PK Model, Tablet Formulation
(dashed blue line is Loess smoothing of data and the black line is the line of unity)
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Source: Sponsor’s Population PK report, pg 106, Table 10-8
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Figure 4: Predicted-Corrected Visual Predictive Check for the Final Population PK Model:
All Data (top) and Pediatrics Patients 20 - <30 kg (bottom) (open circle — observed; solid
line — median of observed; dashed line — 5™ and 95 of observed; shaded regions — 90%
prediction interval of the 5%, median, and 95" percentiles of predictions)
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Table 4 Summary of Steady-State DTG AUC.(ay, Ciax, and Cy,, by Bodyweight based on

EBEs
Crax C. AUC,
Weight Band Statistic {(ng/mL}) (ng/mL) (ng-h/mL)
15 to <20 ke N 4 4 4
Geomean (95% CT) 4.09(3.57-4.69) 0.903 (0.560-1.45) 554(43.5-70.5)
CVoa 14.0 517 250
Median (Min-Max) 3.91(3.69-4.98) 0.720 (0.686-1.87) 50.1(47.0-79.9)
Percentiles
50 3.69 0.687 474
10% 370 0.688 479
259, 3T 0.692 493
50% 391 0.720 50.1
T75% 433 1.03 57.6
00% 472 1.53 710
05%; 485 1.70 754
20 to <30 kg N 7 7 7
Geomean (95% CT) 3.67(2.97-4.53) 0.937 (0.703-1.25) 53.6 (44.6-64.4)
CV% 292 40 4 252
Median (Min-Max) 3.88 (2.38-5.90) 0.944 (0.599-1.66) 46.4 (43 4-80.0)
Percentiles
500 256 0.601 435
10% 274 0.604 435
25% 3.16 0.695 449
50% 3.88 0.944 46.4
5% 406 1.20 631
90% 481 149 74.6
095%; 535 1.57 773
30 to <40 kg N 6 6 6
Geomean (95% CT) 4.01(3.21-5.01) 132 (1.14-1.52) 62.2 (53.0-73.0)
CVoa 28.4 18.0 202
Median (Min-Max) 437(2.41-536) 1.32 (1.05-1.65) 651 (44.1-77.3)
Percentiles
5% 272 1.07 471
10% 3.04 1.09 50.1
25% 3.80 1.15 58.1
50% 437 132 651
75% 459 1.51 703
90% 499 1.60 74.6
95%, 517 162 759
=40 kg N 24 24 24
Geomean (95% CI) 3.80(3.42-421) 1.30 (1.07-1.58) 603 (53 4-68.2)
CV% 26.5 52.0 311
Median (Min-Max) 3.83(2.34-761) 1.26 (0.422-3.59) 57.2(32.2-132)
Percentiles
5% 266 0.562 392
10% 293 0.781 450
25% 3.19 1.02 51.6
50% 383 1.26 572
75% 424 1.84 712
90% 524 217 879
05%; 542 233 91.7

Source: Sponsor’s Population PK report, pg 55, Table 5-4

Reviewer’s comment: In general, the approach utilized by the Sponsor in the popPK model
development are acceptable. However, there is a concern whether the model could be utilized
for simulation in pediatric subjects weighing 20 to <30 kg. Intensive PK observations and non-
compartmental analyses conducted by the sponsor suggest that AUC.,, and C, in this
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bodyweight band were lower than the adult target exposures and two subjects had AUC -1, and

Cau values lower than the accepted minimum exposures. The pcVPC plot in this body weight

band shows bias in the predictions for this weight band, over predicting the observed PK profile

over the first 8 hours. This suggests that any simulations based on developed model would over

predict exposures in this bodyweight band relative to the observed data. Data in the 30 to <40

kg bodyweight band administered 35 mg QD did not display such disparity with observations,
@9 in any of the weight bands.

The reviewer conducted independent analyses to better understand the deviation between
observed data in pediatrics weighing 20 to <30 kg and model predictions. Based on the model
development steps provided by the Sponsor, the reviewer was able to recreate the analyses.
Fixed effect parameter estimates were similar to the sponsor with less than 5% differences in all
values. Similar to the Sponsor, only body weight was identified as a significant covariate in the
analysis. However, the inability to identify other covariates in the pediatric popPK analysis may
be due to sample size and restrictions included in the pediatric study (few subjects with
concomitant medications that alter exposure). The reviewer’s updated analysis did not fix
scaling coefficients, and these were estimated as 0.68 and 0.96 for CL/F and V/F, respectively.
These differences are not expected to substantially alter model predictions or address model
performance in pediatrics 20 to <30 kg.

A comparison between intensive PK results, popPK predicted AUC from the intensive sampling
period, and AUC based on individual CL predictions (removing IOV) are shown below for the
seven pediatric subjects weighing 20 to <30 kg. The first four subjects were administered the
tablet formulation and the last three received Q9" 1t was observed that during the intensive
PK period, whether relying on NCA or popPK predictions, AUCy., for pediatrics in this
bodyweight band were lower than adults, with two pediatrics having exposures less than 30
ugehr/mL. The typical clearance predictions for these subjects, which includes sparse samples
at week 4, 12, and 24 visits and which is influenced by the overall model structure, predicts
values closer to the central tendency and with less variability than the observed data. This
explains the conclusion in Table 4 above where combining the data from all seven pediatric
subjects in this body weight band and calculating exposures based on EBEs results in median
exposures higher than observed values.

Subject ID Conmed or Intensive PK AUC Early (Week 1 or 2 PopPK AUC (typical

Formulation AUC) CL)

362614 28.2 29.8 42.7

450399 Inhibitor (week 4- 48.7 44.5 69.6

24)
507090 Mild inducer (week 54.5 60.7 45.6
4 to 24)

8502592 18.0 25.5 42.9

* N 69.4 59.1
362960 ’ ’

691120 65.6 57.2
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355 47.7

8505371

Geometric Mean 34.1 (55%) 44.2 (42%) 51.3 (19%)
(CVv%)

1.6 Simulations for Pediatric Dosing

To evaluate the appropriateness of the weight-band based dosing regimen for DTG tablet,
individual steady-state AUC.tau, Cnax, and Cyyy, for once daily dosing and the proposed pediatric
dosing were simulated using the final popPK model. The entire simulation contained 1,200
subjects (200 subjects per age cohort x 6 cohorts), with equal distribution of males and females.
Steady-state exposure parameters were summarized by weight band in Table 5.
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Table 5 Simulated Steady-State DTG with Allometric Scaling and Maturation Function by
Weight Band and Formulation

Weight Caus (ng/mL)
Band Statistic Tablet
15t0<20kg | N 114 114 114
Dose (mg) 20
10* Median 0.313 (0.200, 23.9(184,
(959 PT) 2.55(2.19,297) 0442) 307)
Geomean 53.2(469,
Median (959 PT) 4.36 (4.04,4.70) 112 (0.915,137) 50.1)
90* Median
7.15 (6.39, 8. 3.52(292, 44 111(975,1
(939 PT) (¢ 07) Q 2) 97.5,129)
9% <10® of Adult* 7.89 175 132
2% >90* of Adult* 509 272 289
96 <Min Target’ NA 246 114
9 >Max Target’ NA NA 184
20to<30kg | N 226 226 226
Dose (mg) 25 25 25
10* Median 0.319(0.222, 229(193,
(5% PT) 243(216,2.72) 0409) 371
Geomean 524(482,
Median (959 PT) 4.19 (3.94, 4.46) 1.15(0.992,1.31) 56.8)
90% Median
6.99 (6.39, 7. 3.67(3.00,4.21 112(994,1
(959 PI) (¢ 69) (€] ) (99.4,125)
9 <10" of Adult’ 885 168 13.7
9% >90* of Adult* 462 279 283
9% <Min Target' NA 239 119
96 >Max Target’ NA NA 17.7
0to<40kg | N 179 179 179
Dose 35 35 35
10® Median 0.367 (0.240, 25.1(209,
(959 PI) 2.54(220,283) 0516) 306)
Geomean 564 (513,
Median (959 PI) | +34(405.459) 1.29(1.10, 1.46) 613)
90" Median
7.28(665,8.1 396(333,474 119 (106, 13
(959 PT) (¢ 6) a ) a 7
96 <10* of Adult! 782 140 117
96 >90% of Adult* 492 324 324
9 <Min Target’ NA 20.7 10.1
96 >Max Target’ NA NA 207
>40 kg N 213 213 213
Dose (mg) 50 50 50
10* Median 0.391 (0.294, 254215,
959 P1) 241(215,267) 0.529) 26)
Geomean 57.0(534.
Median (95% PT) 4.25(4.05,4.50) 1.37(1.19, 1.56) 61.6)
90" Median
7.38(6.78, 8.1 4.14(3.58,494 124 (112, 141
(3% P1) (678,8.16) (38,494 12,141
9% <10® of Adult’ 892 127 113
96 >90% of Adult’ 474 352 338
96 <Min Target’ NA 183 9.86
9% >Max Target' NA 21

Source: Sponsor’s Population PK report, pg 62-63, Tab

The exposure parameters were fairly consistent across the different weight bands for the tablet
formulation. The median of the geometric means of C,.,, C.,, and AUCy_,, were higher in the
pediatric population than the respective adult exposure at 50 mg daily dose. The percentage of
pediatrics AUC_,, exceeding the 90% percentile of adults was 28-34% across all weight bands,
whereas 11-13% fell below the 10% percentile. Pediatric exposures had greater variability, but a
similar central tendency to adults.
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Reviewer’s comment: Simulations based on the popPK model suggest that target AUC.,,, and
Ciw would be achieved with the tablet formulation in all pediatric bodyweight bands. The
reviewer agrees with this conclusion with respect to the proposed tablet dosing in pediatrics
weighing 30 to <40 kg (proposed in the current submission) and >40 kg (already approved). The
intensive PK data is in good agreement with the simulations regarding mean C,,, and AUCy.,,
and support the proposed dosing of 35 mg OD in pediatrics weighing 30 to <40 kg.
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