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Abstract

This single-dose study evaluated the bioequivalence, food effect, and safety of 2 experimental, 2-drug, fixed-dose formu-
lations of 50 mg dolutegravir and 300 mg lamivudine (formulation AH and formulation AK) as compared with coadmin-
istration of single-entity tablets of 50 mg dolutegravir and 300 mg lamivudine (reference). In fasted subjects, formulation
AH lamivudine exposure was similar to the reference; however, dolutegravir exposure was consistently higher in for-
mulation AH, with area under the concentration-time curve (AUC) and maximum concentration (Cmax) approximately
27% to 28% greater than reference. Formulation AK met bioequivalence standards to the reference for dolutegravir
(AUC0-� and Cmax) and lamivudine (AUC0-� and AUC0-t) exposure; however, dolutegravir AUC0-t and lamivudine Cmax

were approximately 16% and 32% higher than the reference, respectively. A high-fat meal increased dolutegravir AUC
and Cmax by up to 33% and 21%, respectively, and decreased lamivudine Cmax by approximately 30%. Both test and refer-
ence formulations were well tolerated. The results support further development of formulation AK as a novel, 2-drug,
fixed-dose combination tablet treatment for patients with HIV.
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The standard of care for patients infected with hu-
man immunodeficiency virus 1 (HIV-1) is a life-long
regimen of 3 or more antiretroviral agents: 2 nucleo-
side reverse transcriptase inhibitors and a third drug
from one of the following classes: protease inhibitors,
integrase inhibitors, or nonnucleoside reverse transcrip-
tase inhibitors.1 Multidrug regimens that require multi-
ple tablets or capsules, especially with different dosing
times, can suffer from decreased adherence and, con-
sequently, reduced therapeutic efficacy.2–4 Contempo-
rary regimens consist of fixed-dose combinations of 2
or 3 drugs that are convenient to take, provide durable
virologic suppression, and are relatively well tolerated.
In addition, fixed-dose combination tablets have been
shown to enhance patient adherence to a life-long treat-
ment regimen and, consequently, to improve patient
outcomes.2,4,5

Two drugs currently used in HIV treatment are
dolutegravir and lamivudine. Dolutegravir is a potent
HIV integrase strand transfer inhibitor6 with a high
barrier for viral resistance7 that does not require
pharmacokinetic boosting and can be administered

once daily.6,8,9 Dolutegravir is rapidly absorbed when
administered orally (time to peak concentration [tmax]
from 0.5 to 2 hours10) and has demonstrated dose
proportionality for exposure (area under the
concentration-time curve [AUC]) over the range
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of 2 to 100 mg for a single dose oral suspension.6

In a mass balance study of 20 mg [14C]-dolutegravir
(80 µCi), unchanged dolutegravir was the predominant
component in plasma, with elimination occurring
in both feces and in urine (64.0% and 31.6% of
dolutegravir recovered, respectively11). The primary
metabolic pathway for dolutegravir is conversion
to a pharmacologically inactive ether glucuronide
by UDP-glucuronosyltransferase (UGT) 1A1.11,12

Other minor biotransformation pathways include
oxidation by cytochrome P450 3A4 and metabolism
by UGT1A3 and UGT1A9.11,12 Because dolutegravir
is often coadministered with other medications, it
has been evaluated for drug-drug interactions with
more than 20 drugs, including other antiretrovirals,
acid-reducing agents, multivitamins, oral hormonal
contraceptives, antimycobacterial agents, and drugs
for treatment of hepatitis C (reviewed in Cottrell et
al13) that required dose adjustment or dose staggering
for etravirine, antacid-containing magnesium and
aluminum hydroxides, and rifampin. Dolutegravir also
potently inhibits the organic cation transporter 212 and
multidrug and toxin extrusion 1 transporter.14 Based
on in vitro organic cation transporter 2 and multidrug
and toxin extrusion 1 inhibition, dolutegravir may
increase plasma concentrations of drugs eliminated
via these pathways, such as dofetilide and metformin,
and a pharmacokinetic interaction with metformin has
been demonstrated in a clinical study.15 Dolutegravir is
also a substrate for P-glycoprotein and breast cancer
resistance protein in vitro.12

Lamivudine is a potent, well-tolerated nucleoside
reverse transcriptase inhibitor that can also be dosed
once daily. Lamivudine has well-established safety and
pharmacokinetic profiles from over 2 decades of clin-
ical use.16–18 Lamivudine is highly soluble and rapidly
absorbed (tmax from 0.5 to 4.0 hours), with abso-
lute bioavailability ranging from 82% to 86% for oral
administration.19,20 The majority of lamivudine is re-
nally excreted, with approximately 70% of an ad-
ministered oral dose eliminated as unchanged drug
in urine over 24 hours.21 In particular, lamivudine
is eliminated by filtration and active renal tubular
secretion.19 Metabolism is a minor route of elimina-
tion, with only 5% to 10% of the parent drug me-
tabolized to an inactive transsulfoxide metabolite that
is excreted in the urine. In peripheral blood mononu-
clear cells, lamivudine is anabolized by phosphoryla-
tion to lamivudine triphosphate, the molecule required
for antiviral activity.18 Lamivudine has demonstrated
few interactions with cytochrome P450 enzymes, al-
though drugs that are also renally excreted have
the potential for interactions with lamivudine. Coad-
ministered trimethoprim sulfamethoxazole increases
lamivudine exposure (AUC0-�) by 43%; however, the

increase is unlikely to result in toxicity based on the
safety profile of higher lamivudine doses up to 300 mg
administered twice daily.22 Coadministration with sor-
bitol decreases the absorption of lamivudine, with
AUC0-� being reduced by 14% to 36% and maximum
concentration (Cmax) by 28% to 55%.23

Currently, dolutegravir and lamivudine are individ-
ually approved in the United States as Tivicay (ViiV
Healthcare, Research Triangle Park, North Carolina)
and Epivir (ViiV Healthcare), respectively. These drugs
are also available as a single tablet fixed-dose formula-
tionwith abacavir under the brand nameTriumeq (ViiV
Healthcare). Two large, multicenter, double-blind, ran-
domized, noninferiority studies in treatment-naive,
HIV-infected adults (GEMINI-1 and -2) recently eval-
uated dolutegravir and lamivudine as a 2-drug regimen,
with each coadministered as an individual tablet.24,25

The GEMINI studies compared once-daily coadmin-
istration of 50 mg dolutegravir plus 300 mg lamivu-
dine to a standard of care, once-daily, 3-drug regimen
consisting of a 50-mg dolutegravir tablet plus a 2-drug,
fixed-dose tablet containing 300mg tenofovir disoproxil
fumarate and 200mg emtricitabine. The 2-drug regimen
was found to be noninferior to the 3-drug regimen and
was well tolerated.24,25

To pursue new fixed-dose tablet formulations, devel-
opment was initiated for a 2-drug single tablet contain-
ing 50 mg dolutegravir and 300 mg lamivudine. Two
early formulations, formulations AA and AB, were de-
veloped, and the relative bioavailability assessed as part
of a single-dose, fasted, 3-way crossover study with 6
treatment sequences (Study 204993, ClinicalTrials.gov
Identifier NCT02738931; results published on the clin-
ical trial registry26). These formulations (test) were
compared with coadministration of individual 50-mg
dolutegravir and 300-mg lamivudine tablets (reference).
Both fixed-dose combination formulations were safe
and well tolerated. Exposure (based on AUC and Cmax)
to dolutegravir in formulation AA was 12% to 14%
greater than the reference, and lamivudine Cmax was
approximately 18% greater than the reference. For for-
mulation AB, lamivudine Cmax was approximately 23%
greater than the reference. These data indicated a risk
that the formulations (AA and AB) would not achieve
bioequivalence to the coadministered individual com-
ponents if entered into an appropriately powered study.
Consequently, a modified version of formulation AA
(formulation AH) and an alternative formulation ap-
proach (AK) were also developed, with each formula-
tion again containing 50 mg dolutegravir and 300 mg
lamivudine.

The current article summarizes the findings
of a bioequivalence study comparing the experi-
mental formulations AH and AK tablets (test) to
coadministration of 50-mg dolutegravir and 300-mg
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Figure 1. Study design for Study 204994 to assess the bioequivalence and food effect of 2 experimental formulations of fixed-dose
combination tablets (formulation AH,part 1, and AK,part 2) containing 50 mg dolutegravir and 300 mg lamivudine.Reference regimen
administration was coadministration of individual, single-entity tablets of 50 mg dolutegravir plus 300 mg lamivudine. Both parts of the
study had equivalent designs: an open-label, crossover design in which 76 subjects (planned) were randomized 1:1 to receive test or
reference treatment in periods 1 and 2. In period 3, 16 subjects who had completed period 1 and period 2 also completed the food-
effect study, in which the test formulation was administered with a high-fat meal. In part 1, subjects were administered formulation
AH as the test drug. In part 2, a separate cohort of subjects received formulation AK.

lamivudine tablets (reference). Secondary objectives of
the study were to determine safety and tolerability as
well as to evaluate potential food effects.

Methods
Study Design and Treatment
The protocol for this study, Study 204994 (Clinical-
Trials.gov Identifier NCT03078556), was approved by
the Midlands Independent Review Board (Overland
Park, Kansas). This study was conducted in accor-
dance with Good Clinical Practice and the Declara-
tion of Helsinki. All volunteers gave written informed
consent. Study treatment was conducted at a single US
site at Quintiles Phase One Services (Overland Park,
Kansas).

This was a randomized, open-label, 2-part study,
with 3 treatment periods per part, designed to
evaluate the bioequivalence and food effect of 2
experimental fixed-dose combination tablet formula-
tions, formulation AH (part 1 test formulation) and
formulationAK (part 2 test formulation). The study de-
sign is shown in Figure 1, with the design replicated for
separate cohorts in part 1 and part 2. Comparison was
to a reference treatment consisting of coadministration
of 1 50-mg dolutegravir tablet and 1 300-mg lamivudine
tablet.

The first 2 treatment periods (periods 1 and 2) in each
part were randomized, crossover periods in which 76
subjects (randomized in a 1:1 ratio to test-reference or
reference-test) received a single oral dose of the test or
reference treatment. In periods 1 and 2, test and refer-
ence drugs were administered in the fasted state (after at
least a 10-hour fast) with 240 mL of room-temperature
water.

In the third treatment period, 16 subjects who had
participated in and completed both periods 1 and 2
and who provided consent returned to receive a sin-
gle dose of the fixed-dose combination test formulation

administered with a standard high-fat meal as defined
by the US Food and Drug Administration,27 which
includes approximately 150, 250, and 500 to 600 dietary
calories (kcal) from protein, carbohydrate, and fat,
respectively.

Each period was separated by at least 7 days of
washout.

Investigational Products
The reference regimen included 1 tablet of dolutegravir
(50 mg) and 1 tablet of lamivudine (300 mg). Do-
lutegravir tablets contained 50 mg dolutegravir, manni-
tol, microcrystalline cellulose, povidone, sodium starch
glycolate, sodium stearyl, fumarate, and were coated
with a poly(vinyl alcohol)-based film coat. Lamivu-
dine tablets were provided as commercially available
lamivudine tablets and contained 300 mg lamivudine,
microcrystalline cellulose, sodium starch glycolate,
magnesium stearate, and were coated with a hydrox-
ypropyl methylcellulose–based film coat.

Formulations AH and AK were 2-drug, fixed-dose,
single-tablet formulations, and both contained 50 mg
dolutegravir, 300 mg lamivudine, mannitol, microcrys-
talline cellulose, povidone, sodium starch glycolate,
sodium stearyl fumarate, and were coated with a hy-
droxypropyl methylcellulose–based film coat. Formula-
tion AK additionally contained magnesium stearate.

Study Population
Eligible subjects were healthy men and women between
the ages of 18 and 55 years (inclusive) with a body mass
index within the range of 18.5 to 31.0 kg/m2 (inclu-
sive); men and women were at least 50 kg and 45 kg,
respectively. Overall health was determined by medical
history, physical examination, 12-lead ECG, and lab-
oratory tests. Women were enrolled only if they were
of nonchildbearing potential or of childbearing poten-
tial, had a negative pregnancy test, and agreed to follow
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approved guidelines for contraception. Subjects had to
possess the ability to swallow 2 tablets at the same time
for administration of the reference treatment.

Subjects were excluded from the study if they had
alanine aminotransferase (ALT) or bilirubin>1.5 times
the upper limit of normal (ALT normal range, 21 to
72 IU/L; bilirubin normal range, 3.42 to 22.23 µmol/L);
had a chronic history of liver disease or known
hepatic/biliary abnormalities (except for Gilbert syn-
drome or asymptomatic gallstones); had a QT interval
corrected for heart rate according to the Fredericia
formula (QTcF) >450 ms; had a history of regular
alcohol consumption (>14 drinks/wk for men and >7
drinks/wk for women) within 6 months of the study;
had creatinine clearance <60 mL/min, indicating renal
impairment; tested positive for either HIV, hepatitis
B or hepatitis C virus; were current illicit drug users
or had a positive prestudy drug/alcohol screen; were
unable to refrain from the use of prescription or
nonprescription drugs; had urinary cotinine levels
indicative of smoking or a history or regular use of
tobacco- or nicotine-containing products within 1
month before screening; or had a history of sensitivity
to the study medications.

Sample Size Calculation
A sample size of 70 subjects was calculated to pro-
vide a 90% power to demonstrate bioequivalence for
the fixed-dose combination formulation compared with
the reference treatment. The estimates of likely inter-
subject variability (coefficients of within-subject vari-
ation, CVw%) and true geometric least-squares (GLS)
mean ratios were based on study 204993, which evalu-
ated the relative bioavailability of early-stage fixed-dose
formulations.26 The sample size calculation assumed a
true geometric means ratio of 1.10 and within-subject
variability (CVw%) of 26% from study 204993 (data
not published), log-normal distribution of the data, and
that each 1-sided t-test is made at the 5% level. These
values were assumed based on results for dolutegravir
pharmacokinetic parameters Cmax, AUC0-t, and AUC
0-�, which represented the highest CVw% (26%) when
compared with those for lamivudine (CVw% of 9.0% to
20%).

Overall, the study enrolled 76 subjects such that
a minimum of 70 evaluable subjects would complete
treatment periods 1 and 2. Additional subjects were
enrolled to account for subject attrition and unevalu-
able pharmacokinetic parameters.

Pharmacokinetic Sampling and Bioanalytical
Methods
Blood samples for pharmacokinetic sampling were
taken predose and at 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3,

3.5, 4, 5, 6, 8, 12, 16, 24, 48, and 72 hours postdose
for all periods. Plasma samples were analyzed for
dolutegravir and lamivudine concentrations by Phar-
maceutical Product Development (PPD; Middleton,
Wisconsin) using a validated analytical method.

Dolutegravir was extracted from plasma using pro-
tein precipitation with acetonitrile containing the
stable isotope-labeled dolutegravir internal standard
(GSK1349572-d7-15N), followed by analysis with ultra-
performance liquid chromatography (Acquity UPLC,
Waters, Milford, Massachusetts) tandem mass spec-
trometry using isocratic elution with 60% of 0.1%
formic acid in water and 40% of 0.1% formic acid
in acetonitrile on a Waters XBridge BEH C18 col-
umn (130 Å, 3.5 µm, 2.1 × 50 mm; room tempera-
ture; flow rate 0.475 mL/min for 1.50 minutes) and
using an API 4000 mass spectrometer (SCIEX, Fram-
ingham, Massachusetts) with a turbo ion spray inter-
face in positive ion electrospray mode. The lower and
upper limits of quantification for dolutegravir were
20 ng/mL and 20000 ng/mL, respectively, using a 25-µL
aliquot of human plasma (K2EDTA anticoagulant).
Precision and accuracy were evaluated as described in
Song et al.28 Mass spectrometry was set with multi-
ple reaction monitoring (m/z 428.02 to m/z 277.10 for
the internal standard and m/z 420.00 to m/z 283.10 for
dolutegravir).

Lamivudine and the internal standard [13C,
15N2]-lamivudine were extracted from plasma using
protein precipitation, followed by analysis with high-
performance liquid chromatography using a Thermo
Scientific BetaSil Silica 100 column [100 Å, 5 µm,
3.0 × 50 mm] and an LC-30AD liquid chromatog-
raphy pump (Shimadzu, Kyoto, Japan) with binary
mobile-phase gradient elution at room temperature
(Mobile Phase A, 10 mmol/L ammonium formate
with 0.1% formic acid in water; and Mobile Phase B,
0.1% formic acid in acetonitrile) and a stepwise flow
rate of 0.65 mL/min to 1 mL/min. The initial mobile
phase condition of 10:90 (A:B) at 0.65 mL/min was
held for 1.7 minutes, adjusted to 50:50 at 1.0 mL/min
from 1.8 to 2.8 minutes, held at 10:90 and 0.65 mL/min
for 1 minute, and finally returned to 10:90 at 0.65
mL/min (total run time of 4 minutes per sample).
Detection was performed using an API 3000 mass
spectrometer (SCIEX, Framingham, Massachusetts)
with triple quadrupole mass spectrometry and a turbo
ion spray interface in positive ion electrospray mode.
The assay had lower and upper limits of quantification
of 2.5 ng/mL and 2500 ng/mL, respectively, using a
50-µL aliquot of K2EDTA plasma. Precision and
accuracy were evaluated using quality control samples
as described by Adkison et al.23 Mass spectrometry was
set with multiple reaction monitoring (m/z 233.0 for
the internal standard and m/z 230.0 for lamivudine).
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Pharmacokinetic Analyses
The pharmacokinetic plasma concentration population
included all subjects who underwent plasma pharma-
cokinetic sampling and had evaluable dolutegravir or
lamivudine concentration results sufficient to calculate
pharmacokinetic parameters. The pharmacokinetic pa-
rameter bioequivalence summary population included
subjects who had evaluable pharmacokinetic parame-
ters for both analytes for both periods 1 and 2. The
pharmacokinetic parameter food summary population
included all subjects who had evaluable pharmacoki-
netic parameters for both the fed and fasted states for
their corresponding test formulation (AHorAK). Data
from subjects who vomitedwithin 4 hours of study drug
administration were not considered as evaluable.

Separate pharmacokinetic parameters for dolute-
gravir and lamivudine were derived using noncompart-
mental analysis methods and actual sampling times
with Phoenix WinNonlin v6.3 (Certara, LP, Prince-
ton, New Jersey). From the plasma concentration-time
data, the pharmacokinetic parameters determined for
each of the 2 analytes included Cmax, tmax, AUC0–t,
AUC0-�, AUC0-24, half-life (t½), apparent clearance,
and lag time. AUC0-�, AUC0-t, and Cmax were used as
primary end points for bioequivalence.

Statistical Analyses
SAS version 9.4 (SAS Institute, Cary, North Carolina)
was used for statistical analysis. Pharmacokinetic pa-
rameters for dolutegravir and lamivudine (except for
tmax and lag time) were loge-transformed and analyzed
separately using a mixed-effects model with fixed-effect
terms for period and treatment for each treatment com-
parison for the analysis of bioequivalence. For the anal-
ysis of food effect, the model included a fixed-effect
term for treatment (fed versus fasted). Subject was
treated as a random effect in the model. Point esti-
mates and their associated 90%CIs were constructed
for the differences in pharmacokinetic parameter val-
ues between test and reference treatments. The point
estimates and their associated 90%CIs were then back-
transformed to provide point estimates and 90%CIs
for the ratios of pharmacokinetic parameters from test
and reference treatments. The null hypothesis was that
the true ratio of the geometric mean of the test treat-
ment to the geometric mean of the reference treatment,
gµ(test)/gµ(reference), for each primary pharmacoki-
netic end point, is either less than 0.800 or greater than
1.250. The alternative hypothesis was that the true ratio
of the test treatment geometric mean to the reference
treatment geometric mean is greater than or equal to
0.800 and less than or equal to 1.250. For each pharma-
cokinetic parameter designated as a primary end point,
2 1-sided t-test procedures29 with α = 0.05 for each
1-sided test were used for hypothesis testing.

During statistical analysis, AUC0-t ad hoc sensitivity
analyses were conducted by excluding subjects who had
within-subject differences in tlast between treatments re-
sulting in different time windows for AUC0-t calcula-
tion for the test and reference formulations. Differences
in test/reference AUC time windows could contribute
to a bias in the AUC0-t geometric mean ratio and in-
fluence bioequivalence determination.30 Where applica-
ble, results are presented with and without sensitivity
analyses. Presented adjusted geometric mean values for
pharmacokinetic parameters were the antilog of the ad-
justed mean (ls-mean) of log transformed values, where
ls-mean can be defined as a linear combination (sum) of
the estimated effects from a linear model.

Safety Assessments
Safety assessments included evaluations for adverse
events (AEs), pregnancy, physical examinations, vi-
tal signs (temperature, systolic and diastolic blood
pressure, and pulse rate), ECGs, clinical laboratory
assessments (hematology, clinical chemistry, urinaly-
sis, HIV/hepatitis B and C, creatinine clearance, and
follicle-stimulating hormone). The safety population
was comprised of all subjects who were enrolled in the
study andwho received at least 1 dose of the study drug.

Results
Subject Disposition and Demographics
A total of 154 subjects (78 subjects in part 1 and 76 sub-
jects in part 2) were enrolled and randomized, with 147
completing the study (73 subjects in part 1 and 74 sub-
jects in part 2). Sixteen subjects who completed treat-
ment periods 1 and 2 and provided consent continued
and participated in the food effect portion of the study.
Approximately two thirds of the subjects enrolled in the
study weremale, and themajority were white (65%) and
not Hispanic or Latino (90%). The mean age of the
study population was 30.5 ± 10.3 years (range 18 to
55 years), with an overall mean body mass index of
25.7 ± 3.3 kg/m2. The demographics were comparable
between subjects in part 1 and part 2 (Table 1).

Pharmacokinetics and Bioequivalence
The dolutegravir and lamivudine mean concentration-
time profiles for formulations AH and AK com-
pared with the reference are shown in Figure 2.
The statistical comparison of plasma dolutegravir
and lamivudine for experimental formulation AH or
formulation AK versus coadministration of dolute-
gravir plus lamivudine is given in Table 2. For
formulationAH, dolutegravir plasmaAUC0-�, AUC0-t,

and Cmax were 27% to 28% higher than the refer-
ence. This observation was similar to the increased do-
lutegravir exposure noted with fixed-dose combination
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Table 1. Disposition and Demographics for Study Subjects in Part 1, Part 2, and Overall

Parameter Part 1 Part 2 Total

Subject disposition
Number of subjects 78 76 154
Number of subjects completed as planned, n (%) 73 (94%) 74 (97%) 147 (95%)
Number of subjects withdrawn (any reason), n (%) 5 (6%) 2 (3%) 7 (5%)
Reasons for subject withdrawal, n (%)
Lost to follow-up 2 (3%) 1 (1%) 3 (2%)
Adverse events 2 (3%) 1 (1%) 3 (2%)
Physician decisiona 1 (1%) 0 1 (<1%)

Subject demographics
Age, y, mean (SD) 29.4 (9.37) 31.6 (11.18) 30.5 (10.33)
Sex, n (%)
Female 25 (32%) 26 (34%) 51 (33%)
Male 53 (68%) 50 (66%) 103 (67%)

BMI, kg/m2, mean (SD) 25.51 (3.204) 25.83 (3.354) 25.67 (3.272)
Height, cm, mean (SD) 171.97 (8.381) 172.05 (8.592) 172.01 (8.458)
Weight, kg, mean (SD) 75.69 (12.476) 76.57 (12.122) 76.12 (12.270)

Ethnicity, n (%)
Hispanic or Latino 11 (14%) 4 (5%) 15 (10%)
Not Hispanic or Latino 67 (86%) 72 (95%) 139 (90%)

Race, n (%)
Black or African American 20 (26%) 23 (30%) 43 (28%)
American Indian or Alaskan Native 6 (8%) 1 (1%) 7 (5%)
Asian, East Asian Heritage 0 1 (1%) 1 (<1%)
Asian, Central/South Asian Heritage 1 (1%) 1 (1%) 2 (1%)
Asian, Southeast Asian Heritage 1 (1%) 0 1(<1%)
White,White/European Heritage 50 (64%) 50 (66%) 100 (65%)

BMI indicates body mass index.
aOne subject was removed from the study due to elevated alanine aminotransferase and aspartate aminotransferase associated with alcohol use
(subject had a positive alcohol breath test).

Figure 2. Arithmetic mean (standard error of mean) plasma concentration-time curves in the fasted state for the analytes dolutegravir
and lamivudine after administration of formulation AH or reference (left) and formulation AK or reference (right),where the reference
was coadministration of dolutegravir and lamivudine. Solid lines are given for the reference treatment, and dotted lines are given for
formulation AH or AK. AH and AK respectively indicate formulations AH and AK; DTG, dolutegravir; 3TC, lamivudine.

formulations evaluated in a previous study (Study
204993). Therefore, formulation AH did not meet bioe-
quivalence criteria for dolutegravir exposure. Exposure
parameters (Cmax and AUC) for lamivudine met estab-
lished bioequivalence criteria, with the 90%CI of the
GLS mean ratio falling between 0.80 and 1.25.

For formulation AK, dolutegravir met the estab-
lished GLS mean ratio bioequivalence criteria for

AUC0-� and Cmax. The AUC0-t value for dolutegravir
for formulation AK was �16% higher than that of the
reference, with the upper limit of the 90%CI slightly
above 1.25 (1.2507). However, 2 subjects had between-
treatment differences in tlast (48 hours versus 72 hours)
that resulted in a different time window for the calcu-
lation of AUC0-t. When these 2 subjects were excluded
in an ad hoc sensitivity analysis, the dolutegravir
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Figure 3. Arithmetic mean (standard error of mean) plasma concentration-time curves for the analytes dolutegravir and lamivudine
after administration of formulation AH (left) or formulation AK (right) in the fed and fasted states.Solid lines are given for the treatment
administered in the fasted state, and dotted lines are given for treatment administered in the fed state.AH and AK respectively indicate
formulations AH and AK; DTG, dolutegravir; 3TC, lamivudine.

AUC0-t GLS means ratio met bioequivalence criteria,
with a ratio (90%CI) of 1.1354 (1.0527, 1.2246). AUC
end points for lamivudine (AUC0-� and AUC0-t) met
established bioequivalence criteria on initial analysis
and after sensitivity analysis. Lamivudine Cmax was
approximately 32% higher than the reference.

One subject was excluded from the calculation of
lamivudine AUC0-�, clearance, and t½ for the test for-
mulation (AK) in part 2, as the λz time duration was
less than twice the calculated t½, and more than 20%
of AUC0-� was extrapolated. This subject was also ex-
cluded from the adjusted geometric mean analysis and
subsequently excluded from the bioequivalence analysis
for lamivudine AUC0-�.

Food Effect
The dolutegravir and lamivudine mean concentration-
time profiles in fed and fasted status for formulations
AH and AK are shown in Figure 3. Pharmacokinetic
parameters for experimental formulations given to sub-
jects after at least a 10-hour fast (fasted) or following
consumption of a standard high-fat meal (fed) are pro-
vided in Table 3. For formulation AH, a high-fat meal
resulted in an �15% increase in dolutegravir AUC0-�

and AUC0-t values and an �30% decrease in lamivu-
dine Cmax. For formulation AK, the high-fat meal re-
sulted in an�32% increase in dolutegravir AUC0-� and
AUC0-t, an �21% increase in dolutegravir Cmax, and
an �30% decrease in lamivudine Cmax. For both for-
mulations, dolutegravir tmax was prolonged from 1.5 to
5 hours. Lamivudine tmax was prolonged from 1 to 3.5
hours for formulation AH and from 1 to 2.75 hours for
formulation AK.

Adverse Events
Single-dose administration of both formulations AH
and AK was well tolerated. There were no deaths or
serious AEs. Eighteen subjects (24%) had AEs with

formulation AH, 12 subjects (16%) had AEs with for-
mulation AK, and 29 subjects (19%) had AEs with the
reference treatment (combination of subjects from
part 1 and part 2). Most AEs were mild. Drug-related
AEs were similar across the treatment groups and in the
fed versus fasted states (Table 4).Headachewas the only
drug-related AE reported in more than 1% of subjects.

Two subjects in part 1 and 1 subject in part 2 had
AEs leading to discontinuation and withdrawal. In
part 1, 1 subject experienced a grade 1 ALT elevation
(96 IU/L; normal range 21 to 72 IU/L), which was
deemed not related to study drug (formulation AH).
The ALT value returned to normal by study day 21.
Also in part 1, 1 subject experienced grade 1 vomiting
that occurredwithin 4 hours of formulationAHadmin-
istration and that was related to intravenous catheter
insertion. In part 2, 1 subject experienced grade 1 cre-
atinine elevation (132.6 µmol/L; normal range 44.2 to
114.9 µmol/L) on day 7 after receiving a single dose of
formulationAK. This AEwas due to the use of creatine
and protein supplements and was deemed unrelated to
study drug.

There were no trends in clinical laboratory eval-
uations, vital signs, or hematology parameters. ECG
findings were either normal or were abnormal (out-
side of reference ranges) but not considered clinically
significant.

Discussion
Two-drug, fixed-dose combination tablets have the
potential to decrease cumulative drug exposure, and
perhaps toxicity, as compared with 3-drug regimens.
Streamlined treatment regimens, especially single-tablet
regimens, may improve treatment compliance. Because
coadministration of single-entity tablets of dolute-
gravir and lamivudine were recently demonstrated to
be well tolerated and effective for treating HIV-1,25

the objective of the current study was to evaluate the
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Table 4. Summary of Drug-Related Adverse Events

Reference AH (fasted) AK (fasted) AH (fed) AK (fed)
N = 150 N = 76 N = 75 N = 16 N = 16
n (%) n (%) n (%) n (%) n (%)

Any event 8 (5) 5 (7) 5 (7) 0 0
Headache 3 (2) 4 (5) 2 (3) 0 0
Dizziness 2 (1) 0 0 0 0
Diarrhea 1 (1) 0 0 0 0
Nausea 2 (1) 0 0 0 0
Vomiting 1 (1) 0 0 0 0
Fatigue 0 0 1 (1) 0 0
Abnormal dreams 0 1 (1) 0 0 0
Dyspepsia 0 0 1 (1) 0 0
Flatulence 0 0 1 (1) 0 0

Drug-related adverse events are defined as adverse events that were considered related to study drug administration and are reported for the safety
population. Reference treatment refers to coadministration of 50 mg dolutegravir and 300 mg lamivudine; it combines all subjects from part 1 and
part 2. AH and AK represent subjects receiving either formulation AH or AK in the fasted state (after at least a 10-hour fast), and fed represent
subjects receiving either formulation AH or AK after a standard high-fat meal. Values are given as number of events (percentage of the population).

bioequivalence of 2 novel dolutegravir and lamivudine
(50 mg and 300 mg, respectively) fixed-dose combina-
tion tablet formulations (AH and AK), using coadmin-
istration of 50 mg dolutegravir and 300 mg lamivudine
tablets as the reference treatment. Safety and the poten-
tial effects of food were also evaluated.

Formulation AH exhibited lamivudine exposure
that was similar to lamivudine exposure after coad-
ministration of the single-entity tablets, as AUC0-�,
AUC0-t, and Cmax GLS mean ratios and 90%CI values
conformed to bioequivalence standards. However,
dolutegravir exposure was consistently higher than
the reference, and tmax was similar to the reference
(Table 2), indicating a higher rate and extent of absorp-
tion of dolutegravir from formulation AH. Bioequiva-
lence for this compound was therefore not achieved.

Formulation AK exhibited lamivudine AUC0-� and
AUC0-t values similar to the reference; however, Cmax

was approximately 32% higher. Dolutegravir exposure
was similar to the reference as measured by AUC0-�

andCmax. However, AUC0-t was�16%higher in the test
formulation, and the upper 90%CI limit of the AUC0-t

GLS means ratio slightly exceeded the 1.2500 bioe-
quivalence threshold, with a value of 1.2507. However,
differences in test/reference AUC0-t time windows may
cause sufficient bias in the AUC0-t geometric mean ra-
tios to influence the determination of bioequivalence.30

A sensitivity analysis, which excluded 2 subjects with
between-treatment differences in tlast, indicated that for-
mulationAKwas bioequivalent to the reference. There-
fore, dolutegravir exposure from formulation AK can
be considered bioequivalent to the reference.

The higher lamivudine Cmax for formulation AK
despite similar tmax values to the reference (Table 2)
suggests a faster lamivudine absorption rate; how-

ever, potential reasons for this absorption change
are unclear. Lamivudine is highly soluble over the
physiologic pH range,31 and bioenhancement has not
been observed. In addition, formulation AK has rapid
and complete dissolution in vitro within 10 minutes
(data not shown), and a previous relative bioavailability
clinical study of the single-entity lamivudine demon-
strated that a 100-mg capsule, a 100-mg tablet, and a
1 mg/mL alcohol-free oral solution were bioequivalent
for AUC and Cmax.20 Last, lamivudine permeability
in Caco-2 cells was similar in both the presence and
absence of dolutegravir (data not shown). These results
indicate that disintegration and dissolution are not
rate-limiting factors for lamivudine absorption and
permeability effects also do not explain observations
of elevated Cmax in formulation AK.

Although the underlying mechanism of faster
lamivudine absorption rate remains unknown, the
higher lamivudine Cmax is not considered clinically
significant. Lamivudine AUC is considered the best
plasma pharmacokinetic predictor of efficacy,32 and
AUC values were bioequivalent (Table 2). Addition-
ally, long-term (24 weeks) dose ranging studies with
lamivudine24,25 have not indicated a dose-related in-
creased risk of AEs or laboratory abnormalities with
doses up to 840 mg daily for a 70-kg subject. Finally,
multiple phase 3 studies have failed to demonstrate any
dose-related increases in the overall incidence of AEs,
and there were no significant safety or efficacy differ-
ences between the standard lamivudine 300 mg/d regi-
men and a higher 600 mg/d regimen.33–35

A food effect for both dolutegravir and lamivudine
exposure parameters was noted (Table 3), with adminis-
tration of a high-fat meal increasing dolutegravir AUC
for formulation AH by �15% and for formulation AK
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by �32%, increasing dolutegravir Cmax for formulation
AK by �21%, and reducing lamivudine Cmax for both
formulations by �30%. These increases in dolutegravir
AUC and Cmax and decreases in lamivudine Cmax in
response to food are consistent with the known effect
of food on the individual components,18,36,37 which is
not expected to impact safety or efficacy.32,38

Single doses of the experimental formulations were
well tolerated. Most subjects did not report any AEs,
and most of the reported AEs were mild. The drug-
related AEs were consistent with the known profiles of
dolutegravir and lamivudine. Headache, a known com-
mon side effect of both drugs, was the only drug-related
adverse event that occurred in more than 1% of the
study population (3% to 5%). These results support the
safety and tolerability of the combination formulations.

In conclusion, although single doses of both formu-
lations AH and AK were safe and well tolerated, the
pharmacokinetic data demonstrate that formulation
AK is most comparable to the treatment regimen used
in the GEMINI studies. Formulation AK met bioe-
quivalence standards for dolutegravir AUC and Cmax

and for lamivudine AUC when compared with coad-
ministration of 50-mg dolutegravir tablets and 300-mg
lamivudine tablets. A higher lamivudine Cmax, which re-
flects differences in the rate but not the extent of ab-
sorption, was observed for formulation AK but is not
expected to significantly affect patient safety or antivi-
ral efficacy based on historical data. Taken together,
the data from this bioequivalence and food effect study
provide an acceptable pharmacokinetic bridge between
the formulation AK fixed-dose combination tablet and
the single-drug entities used in the GEMINI-1 and
GEMINI-2 studies. These results supported further de-
velopment of formulation AK, which was recently ap-
proved in the United States and the European Union as
Dovato, a 2-drug, fixed-dose combination therapy for
the treatment of patients with HIV-1.
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