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Abstract
Background: Dolutegravir inhibits HIV integrase by binding to the integrase active site and blocking the strand transfer step of retro-
viral deoxyribonucleic acid (DNA) integration which is essential for the HIV replication cycle. Tenofovir Alafenamide is indicated for
the treatment of chronic hepatitis B virus (HBV) infection in adults with compensated liver disease. Emtricitabine, a synthetic nucleo-
side analog of cytidine, is phosphorylated by cellular enzymes to form Emtricitabine 5’-triphosphate. Emtricitabine 5’-triphosphate
inhibits the activity of the HIV-1 reverse transcriptase by competing with the natural substrate deoxycytidine 5’-triphosphate and by
being incorporated into nascent viral DNA which results in chain termination. Combination of Emtricitabine and Tenofovir Alafen-
amide is indicated in in combination with other antiretroviral agents, for the treatment of HIV-1 infection in adults and pediatric pa-
tients 12 years of age and older. Aurobindo Pharma Ltd, India developed a fixed dose combination of Dolutegravir, Emtricitabine and
Tenofovir Alafenamide Tablets. Pharmacokinetic and bioequivalence data of fixed dose combination of Dolutegravir, Emtricitabine

and Tenofovir Alafenamide Tablets in healthy volunteers is not available.

Objective: This study was designed to evaluate the bioequivalence of fixed dose combination of Dolutegravir, Emtricitabine and
Tenofovir Alafenamide Tablets 50mg/200mg/25mg (Test formulation) manufactured by Aurobindo Pharma Ltd, India with Tivicay
(Dolutegravir) Tablets 50mg of Viiv Healthcare, USA and Descovy (Emtricitabine and Tenofovir Alafenamide Tablets) 200mg/25mg
of Gilead Sciences, USA (Reference formulation) in healthy volunteers under fed conditions. This study compared dissolution profiles,
relative bioavailability, pharmacokinetics, safety and tolerability of fixed dose combination of Dolutegravir, Emtricitabine and Teno-
fovir Alafenamide tablets 50mg/200mg/25mg (Test formulation) and Descovy (Emtricitabine and Tenofovir Alafenamide Tablets)
200mg/25mg Gilead Sciences, USA (Reference formulations).

Methods: To evaluate the pharmaceutical equivalence of the test and reference products, in vitro dissolution test was performed
using the US Pharmacopeia (USP) dissolution apparatus-II, paddle method and a simple model independent approach using the
difference factor (f,) and the similarity factor (f,) was adopted to compare dissolution profiles. After an overnight fasting of at least
10.0 hours and exactly 30 minutes after serving of a high fat high calorie meal, a single oral 50mg/200mg/25mg dose of the test/
reference formulations were administered to 12 healthy volunteers under fed conditions in a randomized, open-label, 2-treatment,

2-sequence, 2-period crossover study with washout period of 7 days. Dolutegravir, Emtricitabine and Tenofovir Alafenamide plasma
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concentrations were quantified using a validated LC-MS/MS detection method and were used to determine the pharmacokinetic
parameters. As mandated by the US Food and Drug Administration, the test and reference formulations were considered bioequiv-
alent if the T/R ratios and90% CI’s of the geometric mean ratios for the log-transformed values of pharmacokinetic parameters

were within the predetermined range of 80.00 to 125.00.

Results: When subjected to a simple model independent approach of dissolution profile comparison, f, (difference) and f, (similar-

ity factor) for Dolutegravir were found to be 11.40 and 53.52 respectively.

When subjected to a simple model independent approach of dissolution profile comparison, f, (difference) and f, (similarity fac-

dissolution profile comparison, f, (difference) and f, (similarity factor) for Tenofovir Alafenamide were found to be 5.11 and 58.51

respectively. Similarly, the test & reference formulations of Dolutegravir, Emtricitabine and Tenofovir Alafenamide Tablets were

Dolutegravir were 108.11 (99.44-117.53), 101.70 (92.61-111.68) and 100.01 (92.84-107.73). The T/R ratios (90% CI’s) for the
ratios of C__, AUC , and AUC_, . respectively for Emtricitabine were 107.42 (94.06-122.68), 104.06 (100.51-107.73) and 104.28
(100.58-108.11). The T/R ratios (90% CI's) for the ratios of Cmax, AUC_, and AUC
95.83 (64.00-143.50), 86.85 (75.06-100.49) and 87.02 (75.16-100.74).

0. TESPEctively for Tenofovir Alafenamide were

Conclusion: The results of this single-dose fed study showed that test formulation developed as fixed dose combination of Do-

lutegravir, Emtricitabine and Tenofovir Alafenamide tablets 50mg/200mg/25mg form was found to be predictive bioequivalent to

test and reference formulations were safe and well tolerated.

Keywords: Dolutegravir; Emtricitabine; Tenofovir Alafenamide; LC-MS/MS detection method; Human plasma; Pharmacokinetics;
Safety
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tor) for Emtricitabine were found to be 5.81 and 56.10 respectively When subjected to a simple model independent approach of

safe and well tolerated by all the volunteers. The T/R ratios (90% CI’s) for the ratios of Cmax, AUC_, and AUC, . respectively for

reference formulation w.r.t Dolutegravir, Emtricitabine and Tenofovir Alafenamide in healthy volunteers under fed conditions. Both

J

Abbreviations: DNA: Deoxyribonucleic acid; HIV: Human Immunodeficiency virus; BMI: Body mass index; CI: Confidence Intervals;

AUC: Area under the curve
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Introduction

Dolutegravir sodium an HIV INSTI is Sodium (4R,12aS)-9-{[(2,4-difluorophenyl)methyl]carbamoyl}-4-methyl 6,8-dioxo-
3,4,6,8,12,12a-hexahydro-2H-pyrido [1’,2":4,5] pyrazino [2,1-b] [1,3] oxazin-7-olate [1]. Dolutegravir (DTG; S/GSK1349572) is an inte-

grase inhibitor for the treatment of HIV infection, does not require boosting with ritonavir, and possesses activity against raltegravir-

resistant strains [2].

Emtricitabine is 5-fluoro-1-(2R, 55)-[2-(hydroxymethyl)-1, 3-oxathiolan-5-yl] cytosine [3]. Emtricitabine is a once-daily nucleoside

reverse transcriptase inhibitor (NRTI) that selectively and potently inhibits human immunodeficiency virus type 1 (HIV-1) replicati

on.

Emtricitabine is used in combination with other antiviral agents for the treatment of HIV-1 and is currently under investigation for the

treatment of hepatitis B virus (HBV) infection. Like other NRTIs, Emtricitabine is activated to a triphosphate derivative, which media

tes

the antiviral effect. Emtricitabine triphosphate is incorporated into a primer DNA strand resulting in chain termination and blockade of

DNA- or RNA-directed DNA synthesis [4].
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Tenofovir Alafenamide fumarate drug substance is L-alanine, N [(S)-[[(1R)-2-(6-amino-9H-purin-9-yl)-1-methylethoxy] methyl]
phenoxyphosphinyl]-, 1-methylethyl ester, (2E)-2-butenedioate [5]. Tenofovir alafenamide (TAF) is oral pro-drug of Tenofovir. TAF is
more stable in plasma than TDE provides higher intracellular levels of the active phosphorylated metabolite Tenofovir diphosphate
(TFV DP), and approximately 90% lower circulating levels of TFV relative to TDF. TAF is proposed to provide similar efficacy as TDF
but with significantly less proteinuria, less need for renal monitoring and less impact on bone mineralization. As TAF is more stable in
plasma than TDF, higher intracellular levels are achieved, providing enhanced delivery of TFV and 90% lower circulating levels of TFV
relative to TDF [6].

Bioequivalence means comparison of pharmacokinetics of two different formulations which are expected to show similar in vivo
response i.e similar in terms of safety and efficacy. Two formulations are said to be bioequivalent if they exhibit similar rate and extent
of absorption assessed by means of pharmacokinetic parameters C_, & AUC derived from plasma concentration time curve when ad-

ministered in same molar dose.

Bioequivalence can be established through various methods, including in vivo and in vitro methods; however, the pharmacokinetic
approach is the most commonly used method. The reason might be that the primary aim of bioequivalence studies is to assess the rate
and extent of drug absorption, which can be readily assessed by key pharmacokinetic parameters such as Cmax, Tmax, AUC, mean resi-
dence time (MRT), area under moment curve (AUMC), and t 1/2 [7,8].

Currently pharmacokinetic and bioequivalence data on fixed dose combination of Dolutegravir, Emtricitabine and Tenofovir Alafen-

amide Tablets 50 mg/200 mg/25 mg in healthy volunteers is not available.

This study compared the relative bioavailability and pharmacokinetics of test formulation (fixed dose combination of Dolutegravir,
Emtricitabine and Tenofovir Alafenamide Tablets 50mg/200mg/25mg) developed by Aurobindo Pharma Ltd, India with that of refer-
ence formulations - Tivicay (Dolutegravir) Tablets 50mg of Viiv Healthcare, USA and Descovy (Emtricitabine and Tenofovir Alafenamide

Tablets) 200mg/25mg of Gilead Sciences, USA in healthy Mexican volunteers under fed conditions.

Methods

Formulations: The reference formulation and test formulation of Dolutegravir, Emtricitabine and Tenofovir Alafenamide Tablets were
50mg/200mg/25mg Tablets. The test formulation is fixed dose combination of Dolutegravir, Emtricitabine and Tenofovir Alafenamide
Tablets 50mg/200mg/25mg manufactured by Aurobindo Pharma Ltd, India. The reference formulation is Tivicay (Dolutegravir) Tab-
lets 50mg of Viiv Healthcare, USA and Descovy (Emtricitabine and Tenofovir Alafenamide Tablets) 200mg/25mg of Gilead Sciences,
USA. Each tablet of test formulation contains dolutegravir sodium equivalent to 50 mg of dolutegravir, Emtricitabine 200 mg and Teno-
fovir Alafenamide 25 mg. Each tablet of reference formulation (Tivicay) contains dolutegravir sodium equivalent to 50 mg of dolutegra-

vir and each tablet of reference formulation (Descovy) contains Emtricitabine 200 mg and Tenofovir Alafenamide 25 mg.

Assay and In Vitro Dissolution Studies: To evaluate the pharmaceutical equivalence between the test and reference products, dissolu-
tion test was performed using the US Pharmacopeia (USP) dissolution apparatus-1I, paddle method according to the official monograph.
Samples collected at various time intervals were analyzed using the RP-HPLC/UV detection method, and a simple model independent
approach using the difference factor (f1) and the similarity factor (f2) was adopted to compare dissolution profiles. The f1 calculates the
percent difference between the 2 curves at each time point and is the measure of the relative error between the 2 curves, whereas the
f2 is a logarithmic reciprocal square root transformation of the sum of squared error and is the measure of the similarity in the percent

of dissolution between the 2 curves. These factors were calculated using the following equations, respectively:
f={[S,=1, IR-TJ1/[S,.,"R]} x 100.

f, = 50xlog {[1+ (1/n) S,_," (R-T)?*5 x100}
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Where n is the number of time points, R is the dissolution value of the reference product at time t, and Tt is the dissolution value

of the test product at time t.

Using the mean dissolution values from both curves at each time interval, f, and f, were calculated using the aforementioned equa-
tions. For curves to be considered similar, f, values should be close to 0, and f, values should be close to 100. Generally, f, values up to

15 (0 -15) and f, values > 50 (50 ~100) ensure sameness or equivalence of the 2 curves and, thus, of the performance of the 2 products.

Volunteers: This study was conducted according to the principles of the Declaration of Helsinki and its amendments. The study pro-
tocol was approved by the Ethical Committee of the AXIS CLINICALS LATINA S.A. de C.V, Ing. Basiliso Romo Anguiano No. 225Col.
Guadalupe Insurgentes, Ciudad de México, C.P. 07870.The study objectives and the effects of drugs used in the study were explained to

volunteers at the start of the study, and informed consent was obtained. Study volunteers were also compensated financially.

Healthy adult male and female Mexican volunteers aged between 18 and 55 years were recruited for this study. A detailed medical
history was obtained and a clinical examination was performed for all volunteers at the beginning of the study under the supervision of
a qualified physician. In addition, 12-lead electrocardiography, complete blood count, blood pressure, blood sugar level, liver function
tests, lipid profile, and renal function tests were also carried out in all study volunteers. Volunteers were confirmed with negative test
result of alcoholometry, respiratory income of each period prior to the administration of Darunavir and Ritonavir formulations. All the
Subjects were within the BMI ranging from 18 to 25 kg/m? Participating women should not be pregnant or lactating. They must sign a

letter of commitment of being not pregnant (since the signing of informed consent).

No. Vol. Gender Age (years) | Weight (kg) | Height (m) | BMI (kg/m?)
01 Male 19 72.3 1.77 23.1
02 Female 37 60.0 1.73 20.0
03 Female 34 57.6 1.53 24.6
04 Male 20 69.7 1.69 24.4
05 Female 30 54.2 1.61 20.9
06 Male 44 65.1 1.62 24.8
07 Male 42 64.4 1.72 21.8
08 Female 37 57.7 1.63 21.7
09 Male 25 70.7 1.73 23.6
10 Male 19 58.4 1.65 21.4
11 Male 27 62.4 1.83 18.6
12 Male 30 64.6 1.62 24.6
Average 30.33 63.09 1.68 22.46
Standard Deviation 8.68 5.76 0.08 2.04
Minimum 19.00 54.20 1.53 18.60
Maximum 44.00 72.30 1.83 24.80
% CV 28.61 9.13 493 9.07
Volunteers per gender: Male 08
Female 04

Table 1: Demographical data of the volunteers who participated in the clinical study.
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Volunteers with a history of hypersensitivity to study drug or any other drugs belonging to the same therapeutic group and his-
tory of bronchial asthma were excluded. Volunteers with recent history of drug abuse, including alcohol and with a history or physical
examination evidence of gastrointestinal disease, kidney, liver, endocrine, respiratory, cardiovascular, dermatological or hematological
clinically significant were also excluded from the study. Volunteers who had taken potentially toxic drugs within 30 days before the
start of the study and who have taken any medication within 14 days or 7 half-lives thereof, prior to the start of the study were also
excluded. Volunteers who have donated or lost 450 mL or more of blood within 60 days prior to study and who consumed grapefruit

juice or drinks, or spicy foods in the 10 hours prior to admission of the study drug were also excluded from the study.

Study Design and Drug Administration

Various bioequivalence parameters of the 2 products were assessed under fed conditions in a randomized, open-labeled, balanced,
2-treatment, 2-sequence, 2-period, single-dose, crossover study with a 1-week washout period at the AXIS CLINICALS LATINA S.A. de
C.V, Ing. Basiliso Romo Anguiano No. 225Col. Guadalupe Insurgentes, Ciudad de México, C.P. 07870after obtaining approval from REC
(Research and Ethics Committee), Mexico & COFEPRIS (Federal Commission for the Protection Against Sanitary Risks) with authoriza-
tion number 173300410B0471/2017.

Using SAS software generated randomization schedule, volunteers were randomly divided into 2 groups (group 1 and group 2),
each group consisting of 6 healthy volunteers. During the first study period, healthy volunteers from group 1 received a single oral
50mg/200mg/25mg dose of the reference formulation, whereas healthy volunteers from group 2 received the test formulation. In the
second study period, the order was reversed. A non-blind approach was applied; both volunteers and investigators were aware of the

formulations given to each group.

Study Period Group | Dolutegravir, Emtricitabine and Tenofovir Alafenamide Formulation
Administered
First Period 1 One tablet of Tivicay (Dolutegravir) Tablets 50mg and One Tablet

of Descovy (Emtricitabine and Tenofovir Alafenamide Tablets)
200mg/25mg (Reference formulation)

2 One tablet of Dolutegravir, Emtricitabine and Tenofovir Alafenamide
Tablets 50mg/200mg/25mg (Test formulation)

1 week washout period

Second Period 1 One tablet of Dolutegravir, Emtricitabine and Tenofovir Alafenamide
Tablets 50mg/200mg/25mg (Test formulation)

2 One tablet of Tivicay (Dolutegravir) Tablets 50mg and One Tablet
of Descovy (Emtricitabine and Tenofovir Alafenamide Tablets)
200mg/25mg (Reference formulation)

Table 2: Study Design for Bioequivalence Evaluation of Test and Reference Formulations

of Dolutegravir, Emtricitabine and Tenofovir Alafenamide Tablets 50mg/200mg/25mg.

In each period, a single oral dose of either one Reference tablet or Test Tablet of Dolutegravir, Emtricitabine and Tenofovir Alafen-
amide 50mg/200mg/25mg was administered with 240 mL of drinking water at room temperature under fed conditions each period

by study personnel under the supervision of Investigator.

Tolerability Assessment

Tolerability in volunteers was assessed before medication administration and at 0.00, 3.00, 8.00, and 16.00 hours during the study
through physical examination, monitoring vital signs (temperature, blood pressure, heart rate, and respiratory rate) and interviewing
them about adverse events that may be associated with the use of Dolutegravir (eg, insomnia, fatigue, and headache), Emtricitabine
and Tenofovir Alafenamide (eg, headache, stomach pain, tiredness, cough, nausea, back pain, headache, diarrhoea and rash) under the

supervision of a qualified physician.
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Six (06) adverse events were reported in 04 volunteers during the study and according to medical criterion two (02) of them were
of mild severity and four (04) of them were of moderate severity. Out of six adverse events, five of them were reported after administra-
tion of reference product and one of them was reported after administration of test product. The adverse events reported were Otalgia,
headache, dysmenorrhea, precordial pain and nausea. There were no serious adverse events reported during the entire study. Both test
(fixed dose combination of Dolutegravir, Emtricitabine and Tenofovir Alafenamide Tablets 50mg/200mg/25mg) and reference (Tivicay
(Dolutegravir) Tablets 50mg of Viiv Healthcare, USA and Descovy (Emtricitabine and Tenofovir Alafenamide Tablets) 200mg/25mg)

formulations were safe and well tolerated by all the healthy volunteers in this study.

Sample Collection and Processing
Venous blood samples (6 mL) were collected at 0.00 (pre-dose in duplicate) and at 0.33, 0.67, 1.00, 1.33, 1.50, 1.67, 2.00, 2.50, 3.00,
3.50, 4.00, 4.50, 5.00, 6.00, 7.00, 8.00, 10.00, 12.00, 18.00, 24.00, 36.00, 48.00 and 72.00 hours post dose, drawn by venipuncture, by

placing a catheter fixed, preferably in the anterior aspect of the forearm.

Blood samples were collected in pre-labeled vacationer tubes containing K,EDTA as anticoagulant; they were centrifuged to sepa-
rate plasma immediately at 3500 rpm for 10 minutes, at a temperature between 2°C and 15°C. Each plasma sample was divided in to
two aliquots. Aliquot-1 was transferred with 950pL of plasma and 50pL of 10% citric acid (w/v) (briefly mix), which was used for the
analysis of Emtricitabine and Tenofovir alafenamide. Remaining volume of plasma sample was transferred to aliquot-2 which was used

for the analysis of Dolutegravir. Cryogenic tubes were frozen at-70 + 15°C until analysis.

Analysis of Samples
Two different analytical methods were used for measurement of Dolutegravir, Emtricitabine and Tenofovir Alafenamide in study
samples. One method was used for measurement of Dolutegravir in plasma; and second method was used for simultaneous measure-

ment of Emtricitabine and Tenofovir Alafenamide in plasma.

Analysis of Samples for Dolutegravir

Samples were analyzed by a validated LC-MS/MS method, discussed below.

Dolutegravir standard and Dolutegravir-d3 standard were received from Clearsynth Labs Limited, India. HPLC-grade solvents such
as methanol, acetonitrile were purchased from Labscan and all other chemicals and reagents such as Ammonium acetate and Ammonia
were purchased from Merck Millipore. Deionised water was prepared using a Millipore water system. All these reagents and chemicals

were used without further purification.

Solid-phase extraction was adopted for the sample preparation. At the time of analysis, the samples were thawed at room tempera-
ture and 50ul of Dolutegravir-d3 solution (4035 ng/mL) as the internal standard was vertex-mixed with 200 puL plasma sample for 30
seconds. Then, these samples were added with 200 uL of 2% Ammonia solution and mixed. Prelabelled Strata-X SPE cartridges were
activated with 1 mL of methanol, equilibrated with 1 mL of deionized water and loaded the plasma samples onto respective prelabelled
SPE cartridges and applied positive pressure to pass the plasma samples through SPE cartridges. Then, the sample SPE cartridges were
washed with 1 mL of deionized water. The sample SPE cartridges were left drying for 2 minutes and samples are eluted with 1 mL of
methanol into prelabelled collection tubes. The eluted samples were evaporated for 20 minutes at 50°C and 20 psi nitrogen gas. The

residues were dissolved in 400uL mobile phase and 10 pL samples were injected to the chromatographic system.

The chromatographic separations were achieved using a Peerless basic C18 analytical column (5pum, 4.6x100 mm). The mobile
phase consisted of Acetonitrile-Methanol-5 mM Ammonium acetate buffer pH 3.0 (45%:25%:30%). The flow rate of the mobile phase

was set at 1.0 ml/ min. The column oven temperature was 35°C. The autosampler temperature was 10°C.
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The Shimadzu HPLC system was coupled to an API 3000 MS/ MS triple-quadrupole system detector equipped with a turbo ion
spray ionization (ESI) source (Applied Biosystems MDS, SCIEX, Canada). The turbo ion spray ionization source was operated in a posi-
tive mode. The ion spray voltage was adjusted to 5000 V. The mass spectrometer was operated at a unit resolution for both Q1 and Q3
in multiple reaction monitoring (MRM) mode. The transition of precursor to product ion was monitored at 420.00— 277.00 for Dolute-
gravir and 423.10— 277.00 for internal standard (Dolutegravir-d3). The method had a total run time of 4.5 minutes. Chromatograms
processing, data generation and concentrations back calculations were all performed by the Analyst software (Applied Biosystems,
MDS, SCIEX, Canada).

Analysis of Samples for Emtricitabine and Tenofovir Alafenamide:

Samples were analyzed by a validated LC-MS/MS method, discussed below.

Emtricitabine and Tenofovir Alafenamide standards were received from Simson Pharma Pvt. Limited, India and Tenofovir Alafen-
amide-D5 and Emtricitabine-15ND2 standards were received from Vivan Life Sciences Pvt. Limited, India. HPLC-grade solvents such
as Methanol was purchased from Labs can and all other chemicals and reagents such as Orthophosphoric acid and Formic acid were
purchased from Merck Millipore. Deionized water was prepared using a Millipore water system. All these reagents and chemicals were

used without further purification.

Solid-phase extraction was adopted for the sample preparation. At the time of analysis, the samples were thawed at room tempera-
ture and 50pl of Internal standard solution (containing 500 ng/mL Tenofovir Alafenamide-D5 and 10000 ng/ml Emtricitabine-15ND2)
was vertex-mixed with 200 pL plasma sample for 30 seconds. Then, these samples were added with 200 uL of 2%v /v Orthophosphoric
acid in water solution and mixed. Prelabelled Strata-X SPE cartridges were activated with 1 mL of methanol, equilibrated with 1 mL
of deionized water and loaded the plasma samples onto respective prelabelled SPE cartridges and applied positive pressure to pass
the plasma samples through SPE cartridges. Then, the sample SPE cartridges were washed with 1 mL of deionized water and 1ml of
10%v/v methanol in water solution. The sample SPE cartridges were left drying for 2 minutes and samples are eluted with 1 mL of
methanol into prelabelled collection tubes. The eluted samples were evaporated for 20 minutes at 50°C and 15 psi nitrogen gas. The

residues were dissolved in 2.0mL mobile phase and 10 pL samples were injected to the chromatographic system.

The chromatographic separations were achieved using a Waters symmetry C18 analytical column (5um, 4.6 x 100 mm). The mobile
phase consisted of Methanol-0.05% Formic acid (60%:40%). The flow rate of the mobile phase was set at 1.0 ml/min. The column oven

temperature was 35°C. The autosampler temperature was 10°C.

The Shimadzu HPLC system was coupled to an API 4000 MS/ MS triple-quadrupole system detector equipped with a turbo ion
spray ionization (ESI) source (Applied Biosystems MDS, SCIEX, Canada). The turbo ion spray ionization source was operated in a posi-
tive mode. The ion spray voltage was adjusted to 5500 V. The mass spectrometer was operated at a unit resolution for both Q1 and Q3
in multiple reaction monitoring (MRM) mode. The transition of precursor to product ion was monitored at 248.20— 130.00 for Em-
tricitabine, 251.20— 131.00 for Emtricitabine-15ND2, 477.20— 346.30 for Tenofovir Alafenamide and 482.40— 351.10 for Tenofovir
Alafenamide-d5. The method had a total run time 3.0 minutes. Chromatograms processing, data generation and concentrations back
calculations were all performed by the Analyst software (Applied Biosystems, MDS, SCIEX, Canada).

The chromatographic method was validated according to international guidelines to establish selectivity, accuracy, precision, re-
covery, calibration curve, and stability.
Sample concentrations, C, were calculated using the following formula

X=y-c/m
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Where,x is analyte Concentration in sample; y is ratio of analyte peak area/Internal standard peak area; m is slope of the calibration

curve; and c is y-axis intercept value

Pharmacokinetics and Statistical Analyses

Plasma concentrations of Dolutegravir, Emtricitabine and Tenofovir Alafenamide at various time intervals following oral adminis-
tration of the 2 products were determined for each volunteer and mean values were calculated. A noncompartment model was used to
AUC

the concentration-time curve; AUC was calculated using the linear trapezoidal method. Elimination rate constant (kel) was calculated

determine the following pharmacokinetic parameters: Cmax, Tmax, AUC k,andt ,.C andT _ were obtained directly from

0-t/ 0-inf’

by applying a log-linear regression analysis to at least the last 3 quantifiable Darunavir concentrations, and then t, , was calculated as

0.693/ke. All of these pharmacokinetic parameters were determined using the software Phoenix® WinNonlin® Version 6.4.

Pharmacokinetic data for the 2 formulations were log-transformed before statistical analysis, which was based on the 90% Cls for
the ratio of the geometric means for these log-transformed pharmacokinetic parameters of the 2 formulations (test/reference). The

lower boundary (LB) and higher boundary (HB) of 90% Cls were calculated using the following equations [9]:
LB = e(MD-[t-ValueXSD/\/n])

HB = e(MD+ [t-value X SD/Vn])

Where MD is the mean difference and SD refers to the standard deviation of the transformed metric; n is the number of patients in

the study;

If the 90% Cls for the ratios of C__ , AUC_ , and AUC  values of the test and reference formulations fell within the range of 80.00 to
125.00, then these formulations were considered bioequivalent, as recommended by the US FDA[10].

Results
Assay and In vitro Dissolution Studies

The mean percentage of the active ingredient in the test and reference formulations for Dolutegravir was found to be 100.9% and
101.7% (1%), respectively.

Dolutegravir mean in vitro drug release (dissolution) profiles of the test and reference tablet formulations were determined (Figure
1) and the data were subjected to a simple model independent approach of dissolution profile comparison. The {1 and the f2 were found
to be 11.40 and 53.52, respectively (Table 3).
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Figure 1: Dolutegravir in vitro drug release profile of test and reference

formulations. Each point represents mean (SD) of 12 Tablets.
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Time Mean % Release Difference Similarity
(min) Test Reference Factor (f1) Factor (f2)
Formulation Formulation
0 0 0 11.40 53.52
20 6

10 44 31

15 63 56

20 75 76

30 85 88

45 92 94

Table 3: Comparison of the dissolution profile of Dolutegravir from 2 Dolutegravir,
Emtricitabine and Tenofovir Alafenamide Tablet formulations (n = 12, where n is

the number of tablets tested of each formulation).

The mean percentage of the active ingredient in the test and reference formulations for Emtricitabine was found to be 100.3% and
99.0% respectively. Emtricitabine mean in vitro drug release (dissolution) profiles of the test and reference tablet formulations were
determined (Figure 2) and the data were subjected to a simple model independent approach of dissolution profile comparison. The f1

and the f2 were found to be 5.81 and 56.10, respectively (Table 4).
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Figure 2: Emtricitabine in vitro drug release profile of test and reference
formulations. Each point represents mean (SD) of 12 Tablets.
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Time Mean % Release Difference Similarity
(min) Test Reference Factor (f1) Factor (f2)
Formulation | Formulation

0 0 0 5.81 56.10

5 47 58

10 80 94

15 95 99

20 101 100

30 101 100

45 101 100

Table 4: Comparison of the dissolution profile of Emtricitabine from 2 Dolutegravir,
Emtricitabine and Tenofovir Alafenamide Tablet formulations (n = 12, where n is the
number of tablets tested of each formulation).
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The mean percentage of the active ingredient in the test and reference formulations for Tenofovir Alafenamide was found to be

100.1% and 99.8% (1%), respectively. Tenofovir Alafenamide mean in vitro drug release (dissolution) profiles of the test and reference
tablet formulations were determined (Figure 3) and the data were subjected to a simple model independent approach of dissolution

profile comparison. The f1 and the f2 were found to be 5.11 and 58.51, respectively (Table 5).
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Figure 3: Tenofovir Alafenamide in vitro drug release profile of test and reference
formulations. Each point represents mean (SD) of 12 Tablets.
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Time Mean % Release Difference Similarity
(min) Test Reference Factor (f1) Factor (f2)
Formulation Formulation
0 0 0 5.11 58.51
44 53
10 79 92
15 96 100
20 101 101
30 102 101
45 102 101

Table 5: Comparison of the dissolution profile of Tenofovir Alafenamide from 2
Dolutegravir, Emtricitabine and Tenofovir Alafenamide Tablet formulations (n = 12,

where n is the number of tablets tested of each formulation).

Tolerability: Both test (fixed dose combination of Dolutegravir, Emtricitabine and Tenofovir Alafenamide Tablets 50mg/200mg/25mg)
and reference (Tivicay (Dolutegravir) Tablets 50mg and Descovy (Emtricitabine and Tenofovir Alafenamide Tablets) 200mg/25mg))
formulations were safe and well tolerated by all the healthy volunteers in this study. No unexpected incidents occurred that influenced

study outcomes, and all 12 volunteers continued to study end and were discharged in good health.

Validation of the Analytical Method

Dolutegravir: The LC-MS/MS method developed for the quantification of Dolutegravir in plasma was linear in the range of 20.0 to
8996.4 ng/mL, where at the LLOQ accuracy obtained was 101.5% (less than 20% deviation) and 97.3%-101.5% for standard points
higher than LLOQ (less than 15% deviation), and 75% ratio of total standard points were accepted. The correlation coefficients (r)
of all standard curves were more than 0.9996 for plasma samples. The lower limit of quantification was 20.0 ng/mL for Dolutegravir
in plasma. LLOQ response is identifiable, discrete and reproducible with precision and ac-curacy of + 20%. Specificity of the method
was verified by the absence of any co-eluted peaks of endogenous plasma component at the retention times of the drug or the internal

standard.

All samples passed the acceptance criteria. The intra-day accuracies were 93.0% to 103.7% for LLOQ and 94.8%-106.6% for QC’s
above LLOQ and the inter-day accuracies were 97.9% for LLOQ and 99.1%-102.9% for QC’s above LLOQ. The intra-day precision was
5.5% to 9.7% for LLOQ and 2.0%-5.8% for QC’s above LLOQ. The inter-day precision was 8.7% for LLOQ and 3.7%-6.1% for QC’s
above LLOQ. This results support the fact that the method is accurate and precise, where deviations obtained were less than 20% for
LLOQ and less than 15% for the QC’s above the LLOQ. The average extraction recoveries of Dolutegravir determined at 59.7, 2899.5
and 6903.5 ng/mL were 97.6%, 95.1% and 94.6% respectively, while that of internal standard (Dolutegravir-D3) was 96.4% with
high degree of precision, accuracy and reproducibility. Dolutegravir was stable with absolute percentages of deviation of calculated vs
theoretical concentration being less than 15% for auto sampler, freeze-thaw, short-term and long-term stabilities determined at two
concentrations of 59.7 and 6903.5 ng/mL. The stability was within the limit of 85.00% - 115.00% & the CV% less than 15.00%

Emtricitabine: The LC-MS/MS method developed for the quantification of Emtricitabine in plasma was linear in the range of 8.00 to
4008.41 ng/mL, where at the LLOQ accuracy obtained was 98.5% (less than 20% deviation) and 94.9%-103.7% for standard points
higher than LLOQ (less than 15% deviation), and 75% ratio of total standard points were accepted. The correlation coefficients (r) of
all standard curves were more than 0.9988 for plasma samples. The lower limit of quantification was 8.00 ng/mL for Emtricitabine

in plasma. LLOQ response is identifiable, discrete and reproducible with precision and ac-curacy of + 20%. Specificity of the method
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was verified by the absence of any co-eluted peaks of endogenous plasma component at the retention times of the drug or the internal

standard.

All samples passed the acceptance criteria. The intra-day accuracies were 98.2% to 104.9% for LLOQ and 92.0%-99.7% for QC’s
above LLOQ and the inter-day accuracies were 102.5% for LLOQ and 92.6%-99.0% for QC’s above LLOQ. The intra-day precision was
4.2% to 5.2% for LLOQ and 0.8%-3.7% for QC’s above LLOQ. The inter-day precision was 5.4% for LLOQ and 2.0%-2.7% for QC’s above
LLOQ. This results support the fact that the method is accurate and precise, where deviations obtained were less than 20% for LLOQ
and less than 15% for the QC’s above the LLOQ. The average extraction recoveries of Emtricitabine determined at 23.98, 1255.38 and
3061.90 ng/mL were 70.4%, 73.6% and 75.3% respectively, while that of internal standard (Emtricitabine-15ND2) was 76.1% with
high degree of precision, accuracy and reproducibility. Emtricitabine was stable with absolute percentages of deviation of calculated vs
theoretical concentration being less than 15% for auto sampler, freeze-thaw, short-term and long-term stabilities determined at two
concentrations of 23.98 and 3061.90 ng/mL. The stability was within the limit of 85.00%-115.00% & the CV% less than 15.00%

Tenofovir Alafenamide

The LC-MS/MS method developed for the quantification of Tenofovir Alafenamide in plasma was linear in the range of 2.00 to
500.48 ng/mL, where at the LLOQ accuracy obtained was 97.8% (less than 20% deviation) and 96.7%-103.8% for standard points
higher than LLOQ (less than 15% deviation), and 75% ratio of total standard points were accepted. The correlation coefficients (r) of
all standard curves were more than 0.9990 for plasma samples. The lower limit of quantification was 2.00 ng/mL for Tenofovir Alaf-
enamide in plasma. LLOQ response is identifiable, discrete and reproducible with precision and ac-curacy of + 20%. Specificity of the
method was verified by the absence of any co-eluted peaks of endogenous plasma component at the retention times of the drug or the

internal standard. All samples passed the acceptance criteria.

The intra-day accuracies were 94.3% to 103.2% for LLOQ and 92.3%-97.9% for QC’s above LLOQ and the inter-day accuracies
were 99.6% for LLOQ and 94.6%-96.1% for QC’s above LLOQ. The intra-day precision was 1.6% to 3.6% for LLOQ and 1.5%-3.0% for
QC’s above LLOQ. The inter-day precision was 4.9% for LLOQ and 2.6%-2.7% for QC’s above LLOQ. This results support the fact that
the method is accurate and precise, where deviations obtained were less than 20% for LLOQ and less than 15% for the QC’s above the
LLOQ. The average extraction recoveries of Tenofovir Alafenamide determined at 5.98, 157.11 and 381.80 ng/mL were 77.3%, 78.2%
and 74.0% respectively, while that of internal standard (Tenofovir Alafenamide-D5) was 83.6% with high degree of precision, accuracy
and reproducibility. Tenofovir Alafenamide was stable with absolute percentages of deviation of calculated vs theoretical concentration
being less than 15% for auto sampler, freeze-thaw, short-term and long-term stabilities determined at two concentrations of 5.98 and
381.80 ng/mL. The stability was within the limit of 85.00%-115.00% & the CV% less than 15.00%

Pharmacokinetics and Statistical Analyses

Dolutegravir, Emtricitabine and Tenofovir Alafenamide mean plasma concentration-time profiles after administration of the test
and reference formulations under fed conditions in Mexican healthy volunteers are shown in Figure 3, Figure 4 & Figure 5 respectively.
Mean (SD) values of various pharmacokinetic parameters of Dolutegravir for the test and reference formulations respectively, for Cmax
were 4913.6 (661.42) and 4628.7 (1131.30) ng/mL; AUC , were 77995.1 (15721.90) and 77663.7 (19943.73) ng-h/mL; AUC
82215.2 (16017.41) and 82124.2 (17421.89) ng-h/mL; t, , were 13.78 (2.379) and 13.64 (2.006) h; T were 4.29 (2.007) and 4.64
(2.706) h; K, were 0.0519 (0.01067) and 0.0519 (0.00824) h™*. Similarly, the 90% Cls for the ratios of C  _AUC , and AUC_,  for the

0-inf

were

2 formulations respectively were 99.44-117.53,92.61-111.68 and 92.84-107.73 which along with summary statistics such as median,

range, and %CV, are given in Table 6.
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Pharmacokinetic Test Formulation Reference P value T/R Point Estimate
Parameters Formulation (90% CI)
C,, (ng/mL)
Mean (SD) 4913.6 (661.42) 4628.7 (1131.30) 0.1219 108.11 (99.44-117.53)
Range 3864.3-5901.3 2745.5-7254.7
Median 5028.3 4615.9
%CV 13.46 24.44
AUC_, (hrng/mL)
Mean (SD) 77995.1 (15721.90) 77663.7 (19943.73) 0.7510 101.70 (92.61-111.68)
Range 44269.8-102101.7 38179.6-117383.7
Median 81142.7 78375.2
%CV 20.16 25.68
AUC, . (hrng/mL)
Mean (SD) 82215.2 (16017.41) 82124.2 (17421.89) 0.9976 100.01 (92.84 - 107.73)
Range 45327.2-107794.2 59075.0-121826.0
Median 84124.7 80136.9
%CV 19.48 21.21
T, (0)
Mean (SD) 4.29 (2.007) 4.64 (2.706) - -
Range 1.33-7.00 1.67-10.00
Median 4.25 3.75
%CV 46.75 58.32
t,, (hr)
Mean (SD) 13.78 (2.379) 13.64 (2.006) - -
Range 8.69-17.63 9.80 - 16.58
Median 13.75 13.64
%CV 17.26 14.71
Kel (hr?)
Mean (SD) 0.0519 (0.01067) 0.0519 (0.00824)
Range 0.0393-0.0797 0.0418-0.0707
Median 0.0504 0.0509
%CV 20.56 15.87

Table 6: Pharmacokinetic parameters and 90% Cls for the ratios of the geometric means of their log-

transformed values of Dolutegravir for the 2 Dolutegravir, Emtricitabine and Tenofovir Alafenamide

tablet formulations under fed conditions (n =12, where n is the number of volunteers).

600

Mean (SD) values of various pharmacokinetic parameters of Emtricitabine for the test and reference formulations respectively, for
Cmax were 2424.89 (755.323) and 2213.01 (474.780) ng/mL; AUC, were 10185.02 (1810.963) and 9774.93 (1674.824) ng-h/mL;

AUC,, . were 10463.48 (1850.269) and 10025.53 (1733.962) ng-h/mL; t
(1.431) and 2.03 (0.901) h; K were 0.0534 (0.01239) and 0.0705 (0.04245) h™.. Similarly, the 90% Cls for the ratios of C

1/2

max’

AUC,.

were 13.67 (3.412) and 12.63 (6.011) h; Tmax were 2.60
.and
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AUC_, . for the 2 formulations respectively were 94.06-122.68, 100.51-107.73 and 100.58-108.11 which along with summary statistics
such as median, range, and %CV, are given in Table 7.

Pharmacokinetic Test Formulation Reference Formula- P value T/R Point Estimate
Parameters tion (90% CI)
C,,, (ng/mL)
Mean (SD) 2424.89 (755.323) 2213.01 (474.780) 0.3515 107.42 (94.06-122.68)
Range 1460.85-4231.46 1522.19-2881.76
Median 2431.56 2161.53
%CV 31.15 21.45
AUC, (hrng/mL)
Mean (SD) 10185.02 (1810.963) 9774.93 (1674.824) 0.0641 104.06 (100.51-107.73)
Range 7592.43-13146.99 7759.92-12744.86
Median 9543.41 9166.21
%CV 17.78 17.13
AUC_, . (hrng/mL)
Mean (SD) 10463.48 (1850.269) 10025.53 (1733.962) 0.0617 104.28 (100.58-108.11)
Range 7816.70-13429.39 7814.94-12932.92
Median 9881.88 9488.62
%CV 17.68 17.30
T (B)
Mean (SD) 2.60 (1.431) 2.03 (0.901) - -
Range 0.67 - 4.50 0.67-3.50
Median 2.75 1.84
%CV 55.07 44.41
t,, (hr)
Mean (SD) 13.67 (3.412) 12.63 (6.011) - -
Range 8.42-21.85 4.22-25.48
Median 13.14 11.61
%CV 24.96 47.61
Kel (hr?)
Mean (SD) 0.0534 (0.01239) 0.0705 (0.04245)
Range 0.0317 - 0.0823 0.0272 - 0.1642
Median 0.0528 0.0599
%CV 23.21 60.25

Table 7: Pharmacokinetic parameters and 90% Cls for the ratios of the geometric means of their log-

transformed values of Emtricitabine for the 2 Dolutegravir, Emtricitabine and Tenofovir Alafenamide

tablet formulations under fed conditions (n =12, where n is the number of volunteers).

Mean (SD) values of various pharmacokinetic parameters of Tenofovir Alafenamide for the test and reference formulations re-
spectively, for Cmax were 191.90 (104.012) and 198.90 (116.072) ng/mL; AUC_, were 214.33 (61.368) and 249.32 (82.892) ng-h/mL;
AUC, were 216.72 (61.337) and 251.73 (83.371) ng-h/mL; t, , were 0.38 (0.069) and 0.49 (0.166) h; T were 2.08 (1.315) and 1.45

0-inf 1/2
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(0.747) h; K, were 1.8493 (0.29361) and 1.5369 (0.41906) h™. Similarly, the 90% Cls for the ratios of C__, AUC  and AUC , for the 2
formulations respectively were 64.00-143.50, 75.06-100.49 and 75.16-100.74 which along with summary statistics such as median,

max’

range, and %CV, are given in Table 8.

Pharmacokinetic Test Formulation Reference P value T/R Point Estimate
Parameters Formulation (90% CI)

C,, (ng/mL)

Mean (SD) 191.90 (104.012) 198.90 (116.072) 0.8522 95.83 (64.00-143.50)
Range 57.61-359.34 76.79-444.94

Median 170.42 156.67

%CV 54.20 58.36

AUC_ (hrng/mL)

Mean (SD) 214.33 (61.368) 249.32 (82.892) 0.1104 86.85 (75.06 - 100.49)
Range 116.04 - 320.78 148.22 - 416.50

Median 189.50 224.97

%CV 28.63 33.25

AUC, (hrng/mL)

Mean (SD) 216.72 (61.337) 251.73 (83.371) 0.1160 87.02 (75.16-100.74)
Range 117.62-323.62 149.55-420.04

Median 193.51 227.05

%CV 28.30 33.12

T (1)

Mean (SD) 2.08 (1.315) 1.45 (0.747) -- -

Range 0.33-4.50 0.33-3.00

Median 1.84 1.42

%CV 63.14 51.69
t,, (hr)

Mean (SD) 0.38 (0.069) 0.49 (0.166) -- -

Range 0.31-0.54 0.32-0.88

Median 0.38 0.45

%CV 17.88 33.82

Kel (hr?)

Mean (SD) 1.8493 (0.29361) 1.5369 (0.41906)

Range 1.2939-2.2071 0.7885-2.1544

Median 1.8172 1.5642

%CV 15.88 27.27

Median 2.2111 1.9030

%CV 31.30 26.17

Table 8: Pharmacokinetic parameters and 90% Cls for the ratios of the geometric means of their log-transformed

values of Tenofovir Alafenamide for the 2 Dolutegravir, Emtricitabine and Tenofovir Alafenamide tablet formulations

under fed conditions (n =12, where n is the number of volunteers).
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Discussion
Aspects of this study design, such as use of a single dose; recruitment of healthy volunteers; fed, standardized diet, fluid intake etc

and the study conditions were consistent with the regulatory guidelines [10,11] to bring uniformity in the testing conditions for the 2
formulations.

The meanvaluesforC__, T _ ,AUC,,AUC,, ,K and t, of the 2 formulations did not differ significantly (P = 0.05), suggesting that

the plasma profiles generated by the test formulation were not significantly different from those produced by the reference formulation.

0-t’

Based on the observed T/Rratios and 90% CI'sof C__, AUC  and AUC_, ,

vivo profile to that of reference formulation under fed conditions w.r.t Dolutegravir, Emtricitabine and Tenofovir Alafenamide. Similarly,

it was evident that the test formulation showed similar in-

'max’

the in vitro dissolution studies found that the formulations were pharmaceutically equivalent with respect to dosage form.
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Figure 4: Plasma concentration versus time profile of Dolutegravir after 50mg/200mg/25mg oral dose

of test and reference formulations under fed conditions. Each point represents mean (ng/mL).
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Figure 5: Plasma concentration versus time profile of Emtricitabine after 50mg/200mg/25mg oral

dose of test and reference formulations under fed conditions. Each point represents mean (ng/mL).
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Figure 6: Plasma concentration versus time profile of Tenofovir Alafenamide after 50mg/200mg/25mg oral
dose of test and reference formulations under fed conditions. Each point represents mean (ng/mL).

Conclusions

The results of this single-dose fed study showed that test formulation developed as fixed dose combination of Dolutegravir, Em-
tricitabine and Tenofovir Alafenamide Tablets 50 mg/200 mg/25 mg was found to be predicative bioequivalent to reference formula-
tion w.r.t Dolutegravir and bioequivalent to reference formulation w.r.t Emtricitabine and Tenofovir Alafenamide in healthy male and
female volunteers under fed conditions. No statistically significant differences were found among in vitro dissolution profiles, relative
bioavailability and pharmacokinetic parameters. The study also concluded that test formulation developed as fixed dose combination
of Dolutegravir, Emtricitabine and Tenofovir Alafenamide has similar in-vitro behavior to that of reference formulation. The in-vivo
behavior of test formulation was found to be similar for Emtricitabine and Tenofovir Alafenamide except for Dolutegravir. Both test and

reference formulations were safe and well tolerated.
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