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Dolutegravir (DTG) and GSK1265744 are HIV integrase inhibitors (INIs) in clinical development. The oral formulation of rilpi-
virine (RPV), a nonnucleoside reverse transcriptase inhibitor (NNRTI), has been approved for treatment-naive HIV infection.
Long-acting depot injections of GSK1265744 and RPV are also being developed. This study evaluated the potential for drug in-
teractions between RPV and these INIs. This phase 1, open-label, two-cohort, three-period, single-sequence crossover study eval-
uated oral coadministration of RPV with DTG or GSK1265744. Healthy subjects received DTG (50 mg every 24 h for 5 days) or
GSK1265744 (30 mg every 24 h for 12 days) in period 1 followed by a washout, RPV (25 mg every 24 h for 11 or 12 days) in period
2, immediately followed by RPV (25 mg every 24 h) plus DTG (50 mg every 24 h) for 5 days or GSK1265744 (30 mg every 24 h) for
12 days in period 3. Steady-state pharmacokinetic (PK) parameters were estimated using noncompartmental analysis of data
collected on the last day of each period. The combinations of RPV and DTG (n � 16) and of RPV and GSK1265744 (n � 11) were
well tolerated; no grade 3 or 4 adverse events (AEs) or AE-related discontinuations were observed. The 90% confidence intervals
for the area under the curve from time zero until the end of the dosage interval [AUC0 –�] and maximum concentration of drug in
serum (Cmax) geometric mean ratios were within 0.8 to 1.25. Following administration of DTG � RPV, DTG and RPV C� in-
creased by 22% and 21%, respectively. Following administration of GSK1265744 � RPV, RPV C� decreased 8%. DTG and
GSK1265744 can be administered with RPV without dosage adjustment for either agent. These results support coadministration
of RPV with DTG or GSK1265744 as either oral or long-acting depot injection regimens. (This study has been registered at Clini-
calTrials.gov under registration no. NCT01467531.)

There remains a need for simple, effective, and well-tolerated
regimens for HIV infection. Oral, low-dose, once-daily regi-

mens without pharmacokinetic (PK) boosters and long-acting in-
jectable regimens are examples of antiretroviral treatments that
have the potential to demonstrate significant advantages in toler-
ability and convenience. A nonstandard two-drug combination of
an integrase inhibitor (INI) and a nonnucleoside reverse trans-
criptase inhibitor (NNRTI) may be an attractive option to achieve
these goals.

Dolutegravir (DTG) is an HIV INI that has demonstrated effi-
cacy in treatment-naive, treatment-experienced but INI-naive,
and INI-resistant subjects (1–3). DTG is primarily metabolized
via UDP-glucuronosyltransferase (UGT) 1A1, with cytochrome
P450 (CYP) 3A4 being a notable pathway, and is not a significant
inhibitor of phase I or II metabolism (4).

GSK1265744 is another INI currently in clinical development
as oral and long-acting parenteral formulations. GSK1265744 has
produced significant �2.2 to �2.5 log10 reductions in HIV RNA
following short-term oral monotherapy at doses of 5 to 30 mg
once daily in treatment-naive subjects infected with HIV (5). In
addition, single intramuscular and subcutaneous injections have
achieved prolonged plasma exposures to GSK1265744 for up to 52
weeks in healthy subjects (6). Preliminary findings suggest that
GSK1265744 is primarily metabolized via UGT, with low poten-
tial for drug interactions as a perpetrator or victim. Coadminis-
tration with etravirine (a CYP3A inducer and an inhibitor of
CYP2C9, CYP2C19, and Pgp) did not affect the concentrations of
GSK1265744 in plasma (7).

Rilpivirine (RPV, TMC278), an NNRTI, is approved for once-
daily oral administration in combination with other antiretroviral
agents in treatment-naive patients and has a long-acting paren-
teral formulation currently in development that has shown

sustained concentrations in plasma upon single and repeated
monthly injections (8). RPV is a substrate of CYP3A. Standard
clinical doses of RPV (25 mg once daily) do not affect CYP3A
enzyme activity, and RPV has demonstrated no significant effect
on the exposure of CYP3A4 substrates and does not induce or
inhibit UGT (9). This study evaluated the potential for drug inter-
actions between RPV and either DTG or GSK1265744. Confirma-
tion of the lack of any drug interaction between these drugs would
support future coadministration of oral or long-acting parenteral
formulations.

MATERIALS AND METHODS
The bidirectional drug-drug interactions between RPV and DTG or
GSK1265744 were evaluated in two separate cohorts of healthy subjects.
Written informed consent was obtained from all subjects, and the insti-
tutional review board of the study site, IntegReview, Inc. (Austin, TX),
approved the protocol. The study (ClinicalTrials.gov registration no.
NCT01467531) was initiated on 7 November 2011 (first subject, first visit)
and was completed on 20 February 2012 (last subject, last visit).

This was a phase 1, open-label, two-panel, single-sequence, crossover
study in healthy male and female adults. A steady-state design was selected
to address any potential induction effects and simulate clinically relevant
exposures. Sixteen healthy subjects enrolled in cohort 1 received DTG (50
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mg every 24 h) for 5 days alone in period 1 followed by a �7-day washout,
RPV (25 mg every 24 h) for 11 days alone in period 2, immediately fol-
lowed by DTG (50 mg) plus RPV (25 mg) every 24 h for 5 days in period
3. Differences in duration of each drug were based on half-lives and time
to steady-state (RPV, DTG, and 744 half-lives of 50, 14, and 40 h, respec-
tively). No washout was needed between periods 2 and 3 as steady-state
data had been collected on the integrase inhibitor alone (period 1) and on
RPV alone (period 2). The integrase inhibitor was then added back in with
RPV (period 3) and dosed to steady state. Twelve healthy subjects enrolled
in cohort 2 received GSK1265744 (30 mg every 24 h) for 12 days alone in
period 1 followed by a �14-day washout and then RPV (25 mg every 24 h)
for 12 days alone in period 2, immediately followed by GSK1265744 (30
mg) plus RPV (25 mg) every 24 h for 12 days in period 3. Sample sizes were
selected for both cohorts based on known within-subject variability of
DTG, GSK1265744, and RPV PK parameters such that the 90% confi-
dence interval (CI) would be approximately 0.806 to 1.24 if the point
estimate of the geometric mean treatment ratio were 1.

Subject eligibility was determined by medical history, physical exam-
ination, and laboratory screening tests. Healthy volunteers of either sex
between the ages of 18 and 55 years (inclusive) at the time of signing the
informed consent and with a body mass index (BMI) within the range of
18.5 to 31.0 kg/m2 (inclusive) were eligible to participate in the study.
Male subjects with female partners of childbearing potential agreed to use
specified contraception methods from the time of the first dose of the
study medication until 14 days after the last dose of the study medication.
Female subjects were required to be of non-childbearing potential, de-
fined as premenopausal females with a documented tubal ligation or hys-
terectomy or postmenopausal, defined as 12 months of spontaneous
amenorrhea with confirmatory follicle-stimulating hormone of �40
mIU/ml and estradiol of �40 pg/ml (�147 pmol/liter).

Subjects were ineligible if they had hypersensitivity to any of the study
medications, a positive prestudy hepatitis B surface antigen, a positive
hepatitis C antibody result within 3 months of screening, a positive test for
HIV antibody, history of liver disease, or known hepatobiliary abnormal-
ities. Pregnant or lactating females were not eligible. Subjects could not
have participated in a clinical trial and received an investigational product
within 30 days prior to the first dosing day in the current study or had a
current history of regular use of tobacco- or nicotine-containing products
within 6 months of screening. Use of prescription or nonprescription
drugs, including vitamins or herbal and dietary supplements (e.g., St.
John Wort), was precluded within 7 days (or 14 days if the drug was a
potential enzyme inducer) prior to the first dose of study medication.
Subjects had screening visits within 30 days prior to the first dose of the
study drug and prior to the three treatment periods and a follow-up visit
7 to 14 days after the last dose of the study drug.

RPV was administered with food, given that exposures are increased
�40% following a meal compared with a fasted state (9). Although

GSK1265744 and DTG do not have clinically significant food effects, all
doses in this study were given in the morning with a moderate-fat (30%)
meal.

In cohort 1, blood samples (2 ml) were collected in K3EDTA tubes for
determination of DTG concentrations in plasma on day 5 of periods 1 and
3 at predose (within 15 min prior to dosing) and 1, 2, 3, 4, 8, 12, and 24 h
after the morning dose. In cohort 2, blood samples (2 ml) were collected in
K3EDTA tubes for determination of plasma GSK1265744 concentrations
during periods 1 and 3 at predose on days 10, 11, and 12 and at 1, 2, 3, 4,
8, 12, and 24 h after the morning dose on day 12. In both cohorts, blood
samples (3 ml) were collected in Li-heparin tubes for determination of
RPV concentrations in plasma on the final day of dosing during periods 2
and 3 at predose and 1, 2, 3, 4, 5, 6, 9, 12, 16, and 24 h after the morning
dose. In addition, predose blood samples were collected on the 2 days
prior to each intensive PK day for the assessment of steady-state condi-
tions for all analytes. Safety evaluations, including adverse event (AE)
assessments, vital signs, laboratory testing, and electrocardiographic stud-
ies, were performed at regular intervals throughout the trial.

Bioanalytical methods. (i) Dolutegravir. DTG concentrations were
determined by QPS, LLC (Newark, DE), under the management of Bioana-
lytical Sciences and Toxicokinetics, Drug Metabolism and Pharmacokinetics
of GlaxoSmithKline (Research Triangle Park, NC) using validated, high-per-
formance liquid chromatography tandem mass spectrometry (HPLC-MS/
MS) methods following extraction from plasma by protein precipitation.
Data were acquired and processed (integrated) using the proprietary software
application Analyst (version 1.4 or higher; MDS Sciex, Concord, Ontario,
Canada) and Watson LIMS (version 6.4.0.04; Thermo Scientific, Waltham,
MA). ERC-349572-d7 15N1 was used as an internal standard. The validated
linear concentration range was 20 to 20,000 ng/ml, and quality control (QC)
samples were included in each run at 60, 1,600, 16,000, and 20,000 ng/ml.
Based on the results of the QC sample analysis, the bias (% relative error)
ranged from �5.7% to 3.6%, and precision (percent coefficient of variation
[CV%]) was �5.0%.

(ii) GSK1265744. GSK1265744 concentrations were determined by
Bioanalytical Sciences and Toxicokinetics, Drug Metabolism and Phar-
macokinetics of GlaxoSmithKline using a validated HPLC-MS/MS assay
with a TurboIonSpray (AB Sciex, Framingham, MA) interface and posi-
tive-ion multiple-reaction monitoring following extraction from plasma
by protein precipitation using acetonitrile. Data were acquired and pro-
cessed using the proprietary software application Analyst (version 1.4 or
higher; MDS Sciex, Canada) and the GlaxoSmithKline Study Manage-
ment System, SMS2000 (version 2.3; GlaxoSmithKline). The internal
standard was [13C2H2

15N]-GSK1265744. This method was validated over
the range of 10 to 10,000 ng/ml. QC samples were included in each run at
30, 800, and 8,000 ng/ml. Based on the results of the QC sample analysis,
the bias ranged from 4.3% to 9.4%, and precision ranged from 2.4% to
3.9%.

TABLE 1 Baseline demographics

Demographic parameter Cohort 1 (n � 16) Cohort 2 (n � 12) Overall (n � 28)

Age (yr), mean (SD) 34.4 (11.33) 27.4 (10.57) 31.4 (11.37)
Sex, n (%)

Female 2 (13) 2 (17) 4 (14)
Male 14 (88) 10 (83) 24 (86)

BMI (kg/m2), mean (SD) 26.51 (2.58) 27.03 (3.24) 26.73 (2.83)
Height (cm), mean (SD) 178.50 (10) 175.75 (12.71) 177.32 (11.11)
Weight (kg), mean (SD) 84.46 (10.56) 83.74 (15.23) 84.15 (12.51)
Race, n (%)

African American/African heritage 4 (25) 7 (58) 11 (39)
American Indian or Alaska native 1 (6) 0 1 (4)
Native Hawaiian or other Pacific Islander 1 (6) 0 1 (4)
White/Caucasian/European heritage 10 (63) 5 (42) 15 (54)
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(iii) Rilpivirine. RPV concentrations were determined by Frontage
Laboratories (Shanghai) Co., Ltd. (Zhangjiang High-Tech Park, Shang-
hai, People’s Republic of China), under the management of Janssen Re-
search & Development, a division of Janssen Pharmaceutica N.V. (Beerse,
Belgium), using a validated HPLC-MS/MS method following protein pre-
cipitation. Data were acquired and quantified using the proprietary soft-
ware application Analyst (version 1.4.2; Applied Biosystems, Foster City,
CA) and Watson 7.3 LIMS (Thermo Scientific). The internal standard was
JNJ-ZBJOB358. This method was validated over the range of 1.0 to 2,000
ng/ml. QC samples were included in each run at 2.73, 54.6, and 1,560
ng/ml. Based on the results of the QC sample analysis, the bias ranged
from �5.9% to 2.6%, and intra- and interrun precision ranged from 0.4%
to 6.8% and 3.1% to 5.8%, respectively.

Pharmacokinetic analysis. Individual plasma concentration-time
data were analyzed with model 200 for extravascular administration of the
WinNonlin Professional software (version 5.2; Pharsight Corp., Moun-
tain View, CA). Actual recorded sampling times for each individual pro-
file were used to determine plasma DTG, GSK1265744, and RPV PK pa-
rameters, which included the area under the curve from time zero until
the end of the dosage interval (AUC0 –�) using the linear-up/log-down
approach to the trapezoidal rule, the observed maximum plasma concen-
tration (Cmax), the time to observed maximum concentration in plasma
(Tmax), and the concentration in plasma at the end of the dosage interval
(C�).

Statistical analysis. PK parameter values for each analyte were sum-
marized by treatment. Analysis of variance, considering the treatment as a
fixed effect and the subject as a random effect, was performed using a
mixed-linear models procedure (version X; SAS Institute, Cary, NC) to
compare the plasma DTG, GSK1265744, and RPV parameters when drugs
were administered in combination (test treatments) to those following
administration of each drug alone (reference treatments). All of the PK
parameters were log-transferred, except Tmax, for treatment comparisons.
Point estimates and their associated 90% CIs were constructed for the
differences in test and reference treatments.

RESULTS
Demographics. Sixteen subjects were enrolled and completed all
treatments in cohort 1. Twelve subjects were enrolled in cohort 2,
and 11 completed all three treatments. One subject was with-
drawn in period 3 by the investigator for noncompliance with
study procedures. Baseline patient demographics are summarized
in Table 1. Both cohorts had more than 80% male participants,
and there were no relevant demographic differences between the
cohorts.

Safety. No serious AEs (SAEs) or grade 3 or 4 AEs were re-
ported, and no subjects were discontinued due to AEs. In addi-
tion, no laboratory abnormalities were designated AEs during the
study. The incidence of drug-related AEs was low. The only drug-
related AE reported in more than one subject was headache, oc-
curring in 1 of the 16 subjects in the RPV-alone arm of cohort 1
and in 3 of the 16 subjects in the DTG-plus-RPV arm. Other AEs
occurring in one subject each included abnormal dreams and in-
somnia (RPV alone), dizziness and dyspepsia (RPV plus DTG),
and decreased appetite (GSK1265744 alone and GSK1265744 plus
RPV).

Pharmacokinetics. PK parameters for all analytes are summa-
rized in Table 2, and statistical analyses are presented in Table 3.
Overall, PK was not significantly altered for any of the drugs when
given in combination compared with administration alone. Mean
(standard deviation [SD]) steady-state plasma DTG concentra-
tion-time profiles following administration of DTG with and
without RPV are shown in Fig. 1. Coadministration of RPV with T
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DTG had no effect on DTG AUC0 –� or Cmax and increased DTG
C� by 22% (Table 3).

Mean (SD) steady-state plasma GSK1265744 concentra-
tion-time profiles following administration of GSK1265744
with and without RPV are shown in Fig. 2. Coadministration of
RPV with GSK1265744 had no effect on GSK1265744 PK pa-
rameters (Table 3).

Mean steady-state plasma RPV concentration-time profiles
following administration of RPV alone in cohorts 1 and 2 and with
DTG or GSK1265744 are shown in Fig. 3. Coadministration of
DTG with RPV had no effect on RPV AUC0 –� or Cmax and in-
creased RPV C� by 21%. Coadministration of GSK1265744 with
RPV had no effect on RPV AUC0 –� or Cmax and decreased C� by
8% (Table 3).

DISCUSSION

RPV and GSK1265744 are being developed as long-acting inject-
able antiretroviral agents, capable of being administered on an
infrequent basis (e.g., once a month). This type of novel regimen
may extend opportunities for therapeutic intervention to under-
served patient populations and could be an attractive option for
certain subjects infected with HIV at risk of poor adherence to an
oral regimen. The combination of DTG and RPV could make an
attractive oral regimen since both are administered once daily at
low doses. Therefore, a drug-interaction study of these new INIs
with RPV using oral formulations was conducted to determine
whether the PK of either drug was altered during concomitant
dosing. This evaluation was warranted to guide future dosing and

support clinical trials of these combinations in patients infected
with HIV.

The likelihood of a significant drug interaction between RPV
and DTG was considered to be low. Several clinical studies (10–
13) in healthy subjects have shown that no dosage adjustments are
necessary for DTG when combined with other antiretroviral
agents. Coadministration with the NNRTI etravirine, a known
UGT and CYP3A4 inducer, is not recommended due to the ob-
served 88% reduction in DTG C�, although the interaction is mit-
igated by concomitant administration of lopinavir and RTV or of
darunavir and RTV (14). Unlike etravirine, RPV does not induce
UGTs and was not expected to interact with DTG, which is pri-
marily metabolized by UGT 1A1.

No clinically significant changes in the PK of DTG or RPV were
observed. Mean plasma AUC0 –� and Cmax of each drug were mod-
estly increased during coadministration compared with dosing
alone. The 90% confidence intervals for AUC and Cmax were con-
tained within the interval of 0.8 to 1.25, which is generally consid-
ered not to be of clinical concern as per FDA guidelines on drug
interaction studies (15). DTG and RPV C� were increased 22%
and 21%, respectively. These modest increases are not clinically
relevant or likely to be associated with safety concerns, as neither
drug is considered to have a narrow therapeutic window for safety.
It is unknown whether an �20% increase in C� would provide an
advantage for efficacy.

Similarly, no interaction was expected between RPV and
GSK1265744. In preliminary investigations, GSK1265744 has
demonstrated no direct inhibition (half-maximal inhibitory con-
centration, �33 �M) for CYP1A2, 2D6, and 3A4 and no metab-

FIG 2 Mean (SD) steady-state GSK1265744 concentration-time profiles fol-
lowing administration of GSK1265744 with and without RPV.

TABLE 3 PK parameter treatment comparisons

Plasma PK
parameter

Geometric least-squares mean ratio [90% CI]

DTG � RPV
versus DTG

GSK1265744 � RPV
versus GSK1265744

DTG � RPV
versus RPV

GSK1265744 � RPV
versus RPV

AUC0–� 1.12 [1.05, 1.19] 1.12 [1.05, 1.19] 1.06 [0.976, 1.16] 0.987 [0.890, 1.09]
Cmax 1.13 [1.06, 1.21] 1.05 [0.963, 1.15] 1.10 [0.992, 1.22] 0.963 [0.849, 1.09]
C� 1.22 [1.15, 1.30] 1.14 [1.04, 1.24] 1.21 [1.07, 1.38] 0.919 [0.789, 1.07]

FIG 1 Mean (SD) steady-state DTG concentration-time profiles following
administration of DTG with and without RPV.
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olism-dependent inhibition of CYP3A4 in vitro. In addition, there
is a low potential for GSK1265744 to cause activation of the
PXR target gene and cause CYP2B or CYP3A induction in vivo.
RPV at the recommended dose does not inhibit or induce CYP
enzyme activity and does not interfere with UGT. Following
coadministration of GSK1265744 and RPV, PK parameters of
each drug were similar to those when dosed alone. CIs associ-
ated with modest increases in geometric mean GSK1265744
AUC0 –�, Cmax, and C� met the criteria for bioequivalence. The
modest 8% decrease in RPV C� following coadministration
with GSK1265744 was not considered clinically relevant. It
should be noted that, in general, the inter- and intraindividual
variability for the C� of RPV is larger than that forAUC0 –�, and
the AUC0 –� within-subject ratio is considered a more robust
comparison within the setting of intensive PK evaluation for
RPV. The clinical data in this study confirm a previous study of
GSK1265744 and RPV in rats and rhesus macaques that dem-
onstrated similar exposures of each drug in combination com-
pared with dosing alone (unpublished data). In addition, the
results were consistent with expectations given the lack of in-
teraction between the known inducer (UGT and CYP3A4)
etravirine and GSK1265744 (7).

Both combinations were well tolerated in this study, with a low
incidence of drug-related AEs. The only drug-related AE in cohort
2 (GSK1265744 plus RPV) was a report of decreased appetite dur-
ing period 3 of coadministration. The most common AE in the
DTG plus RPV cohort was headache, which is a common AE in
phase 1 studies given the caffeine restrictions. As such, the short-
term safety and tolerability of RPV with GSK1265744 and DTG
support longer-term studies. No new or clinically significant
safety issues were identified for DTG, GSK1265744, or RPV com-
pared with their known safety profiles (16).

Overall, the observed lack of PK interactions and the favorable
short-term safety profile of RPV and DTG or GSK1265744 sup-
port coadministration of either INI with RPV in oral or long-
acting depot injection regimens.
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