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Background: Dolutegravir is an integrase strand transfer inhibitor
(INSTI) licensed for use in HIV-1 infection and is an inhibitor of organic
cation transporter 2 (OCT2). This study assessed the effect of
dolutegravir on the pharmacokinetics of metformin, an OCT2 substrate.

Design: This was an open-label, parallel-group, 3-period crossover
study in healthy adult subjects. Subjects were enrolled into 1 of 2
treatment cohorts (15 subjects/cohort) receiving metformin 500 mg q12h
for 5 days in period 1; metformin 500 mg q12h plus dolutegravir 50 mg
q24h (cohort 1) or 50 mg q12h (cohort 2) for 7 days in period 2; and
metformin 500 mg q12h for 10 days in period 3. There were no washout
periods between treatments. Effects of dolutegravir on metformin
transport and paracellular permeability were evaluated in vitro.

Results: Co-administration of dolutegravir 50 mg q24h increased
metformin area under the curve(0–t) by 79% and Cmax by 66%,
whereas dolutegravir 50 mg q12h increased metformin area under
the curve(0–t) and Cmax by 145% and 111%, respectively.
Metformin t(1/2) remained unchanged. Increased metformin expo-
sure during dolutegravir co-administration returned to period 1 levels
after dolutegravir discontinuation in period 3. Co-administration of
dolutegravir and metformin was well tolerated. In vitro, dolutegravir
was not a clinically relevant inhibitor of OCT1, OCT3, multidrug
and toxin extrusion protein 1, multidrug and toxin extrusion protein
2-K, or plasma membrane monoamine transporter, and it did not

affect metformin paracellular permeability or uptake into an
intestinal cell line.

Conclusions: Dolutegravir significantly increased metformin
plasma exposure, which can be partially explained by OCT2
inhibition. It is recommended that dose adjustments of metformin
be considered to maintain optimal glycemic control when patients
are starting/stopping dolutegravir while taking metformin.
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INTRODUCTION
Dolutegravir (Tivicay; ViiV Healthcare, Research Tri-

angle Park, NC) belongs to a novel class of antiretroviral
drugs known as integrase strand transfer inhibitors (INSTIs)
and blocks the activity of the HIV viral integrase enzyme,
preventing the insertion of the viral genome into the host
DNA. Dolutegravir is well tolerated, has low to moderate
pharmacokinetic (PK) variability, and has sustained antiviral
activity when combined with other antiretroviral therapy
(ART), without the need for PK boosting, in treatment-
naive, treatment-experienced but INSTI-naive, and treatment-
experienced and INSTI-resistant adults.1–6 Dolutegravir is
currently approved at 2 dose levels, 50 mg once daily (for
INSTI-naive subjects) and 50 mg twice daily (for INSTI-
resistant subjects).

Metformin (Glucophage; Bristol-Myers Squibb Com-
pany, Princeton, NJ), an antihyperglycemic agent that
improves glucose tolerance in subjects with type 2 diabetes
mellitus (T2DM) by lowering both basal and postprandial
plasma glucose, is considered to be one of the best treatment
options for T2DM and has been used for a number of the
metabolic comorbidities that are associated with HIV.7

Under fasting conditions, the absolute bioavailability of
a 500 mg metformin immediate release (IR) tablet is
approximately 50%–60%.8 Due to its highly hydrophilic
nature, metformin is unable to passively diffuse across
membranes, and intestinal absorption is paracellular.9,10

Although metformin can enter enterocytes by apical carrier-
facilitated transport mediated primarily by organic cation
transporter (OCT) 1 and plasma membrane monoamine
transporter (PMAT), enterocytes lack basolateral transporters
capable of secreting metformin into blood. Therefore,
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metformin uptake into enterocytes only enhances intestinal
drug retention and ultimately paracellular absorption by
enabling drug cycling between enterocytes and gut lumen
according to the cell–gut lumen concentration gradient.9

Likewise, metformin relies on carrier-mediated uptake for
distribution into organs of pharmacologic activity: OCT1 in
liver and OCT3 in skeletal muscle.10 After both oral and
intravenous administration, metformin does not undergo
either hepatic metabolism or biliary excretion. Rather, 90%
of the drug is excreted unchanged in the urine within 24
hours. Renal clearance occurs both by glomerular filtration
and active tubular secretion; the latter is mediated by OCT2
uptake into tubular cells followed by secretion into urine by
multidrug and toxin extrusion protein (MATE) 1 and
MATE2-K.8,11 Cimetidine, a known inhibitor of MATE1
and OCT2, increased metformin peak concentration by
60% and area under the curve (AUC) by 40%; therefore,
careful patient monitoring and dose adjustment of metfor-
min are recommended.12

Dolutegravir is primarily metabolized by uridine
diphosphate glucuronosyl transferase 1A1, with some
contribution from cytochrome P450 3A4, but it is not
a clinically relevant inhibitor or inducer of cytochrome
P450 enzymes, an inhibitor of uridine diphosphate glucur-
onosyl transferase enzymes, or an inhibitor of many
transporters, including OCT1.13 Dolutegravir is a clinically
relevant inhibitor of OCT214 and it causes elevations in
serum creatinine levels through inhibition of active tubular
secretion, a marker of renal OCT2/MATE inhibition.15

Thus, dolutegravir may increase plasma concentrations of
drugs eliminated through OCT2/MATE, such as metfor-
min. This study was conducted to determine if dolutegravir,
administered at 50 mg once and twice daily, affected the
steady-state PK of metformin to provide guidance on co-
administration. In vitro studies were also performed to
evaluate the effect of dolutegravir on transporters, includ-
ing PMAT, OCT3, MATE-1, and MATE2-K, as well as on
the paracellular permeability of metformin.

METHODS

Study Design
This was a phase I, open-label, parallel-group, 3-period,

fixed-sequence study to evaluate the effect of dolutegravir on
the steady-state PK of metformin and on the safety and
tolerability of metformin. The study was conducted between
February 2014 and May 2014.

Eligible subjects without T2DM were sequentially
assigned in a 1:1 ratio into 1 of 2 cohorts. In period 1,
subjects in both cohorts received 500 mg metformin IR
q12h for 5 days. In period 2, subjects received 500 mg
metformin IR q12h plus either 50 mg dolutegravir q24h
(cohort 1) or 50 mg dolutegravir q12h (cohort 2) for 7 days.
In period 3, subjects in both cohorts received 500 mg
metformin IR q12h for 10 days. There was no washout
between treatment periods, and all doses of study medica-
tion were taken after a moderate-fat meal. Given that the
primary objective of the study was to examine the effect of

dolutegravir on metformin PK, the usual starting dose of
500 mg twice daily of metformin was used in this healthy
subject study.12 Metformin was administered with a mod-
erate-fat meal (approximately 30% fat) to reduce gastroin-
testinal side effects.

Study Population
Before study initiation, the study protocol, amend-

ments, and consent forms were reviewed and approved by
the institutional review boards for the study site (Quintiles
Early Clinical Development, Overland Park, KS), and all
subjects provided signed consent. The study was conducted in
accordance with the ethical standards of the Declaration of
Helsinki and its amendments, consistent with good clinical
practices and local regulatory requirements.

Healthy male or female subjects were eligible for
inclusion in this study based on the following criteria:
between the ages of 18 and 65 years (inclusive); body
weight $50 kg for males and $45 kg for females; body
mass index within the range of 18.5–31.0 kg/m2 (inclusive);
healthy judged on the basis of physical examination,
medical history, 12-lead electrocardiogram (ECG), and
laboratory testing; alanine aminotransferase (ALT), alkaline
phosphatase, and bilirubin #1.5 times the upper limit of
normal; and capable of giving written informed consent.
Female subjects were eligible if they were of non–child-bearing
potential, of child-bearing potential with negative pregnancy
test results, and agreed to use one of the protocol-defined
contraception methods.

Subjects were excluded from the study if they had
a chronic history of liver disease or known hepatic/biliary
abnormalities (except for Gilbert’s syndrome or asymptom-
atic gallstones); were HIV positive; were current illicit drug
users or had a positive prestudy drug/alcohol screen; regularly
used tobacco- or nicotine-containing products within 6
months of screening; were pregnant or lactating; had a history
of regular alcohol consumption (.14 drinks/wk for males and
.7 drinks/wk for females); or tested positive for either
hepatitis B or hepatitis C virus.

Subjects were to refrain from consuming red wine,
Seville oranges, grapefruits, or grapefruit juice for 7 days
before the first dose of study medication until after the final
dose. Subjects were to abstain from caffeine- or xanthine-
containing products (eg, coffee, tea, cola drinks, and choco-
late) and alcohol for 24 hours before the start of dosing until
collection of the final PK sample during each session. The use
of tobacco products was not allowed from screening until
after the final follow-up visit.

Safety Monitoring
Safety was assessed throughout the study and included

adverse event (AE) monitoring, clinical laboratory testing,
vital sign measurements, physical examinations, and ECGs.
Adverse events and laboratory events were graded according
to the Division of AIDS Table for Grading the Severity of
Adult and Pediatric Adverse Events Version 1.0 (December
2004, August 2009 clarification).16
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Pharmacokinetic Sampling
Blood samples (2 mL) for metformin plasma PK were

collected before the morning dose (within 15 minutes of
dosing) and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, and 12 hours
postdose on the last day of each dosing period. Blood samples
(2 mL) for dolutegravir plasma PK were collected predose
(within 15 minutes of dosing) and at 1, 2, 3, 4, 6, 8, and 12
hours postdose on day 7 of period 2.

Bioanalytical Methods

Metformin
Plasma samples were analyzed for metformin by

Pharmaceutical Product Development (Richmond, VA) using
a validated analytical method based on solid phase extraction,
followed by high performance liquid chromatography with
tandem mass spectrometry analysis. The lower and upper
limits of quantification for metformin were 2.00 and 2000
ng/mL, respectively.

Dolutegravir
Plasma samples were analyzed for dolutegravir by Phar-

maceutical Product Development (Middleton, WI) using a vali-
dated analytical method based on solid phase extraction, followed
by high performance liquid chromatography with tandem mass
spectrometry analysis. The lower and upper limits of quantifica-
tion for dolutegravir were 20.0 and 20,000 ng/mL, respectively.

Pharmacokinetic Analysis
Plasma metformin and dolutegravir concentration–time

data were analyzed by noncompartmental methods using Model
200 (for extravascular administration) of Phoenix WinNonlin
version 6.3 (Pharsight Corporation, St. Louis, MO). Calcula-
tions were based on the actual sampling times recorded during
the study. From the plasma concentration–time data, the
following PK parameters were determined, as data permitted,
for metformin: maximum concentration (Cmax), time to Cmax
(tmax), AUC for a dosing interval [AUC(0–t)], half-life [t(1/2)],
and apparent clearance after oral dosing (CL/F). The following
pharmacokinetic parameters were determined for dolutegravir:
Cmax, tmax, AUC(0–t), CL/F, predose concentration (C0), and
concentration at the end of the dosing interval (Ct).

Statistical Analysis
This study was designed to estimate the effect of

dolutegravir on steady-state PK of metformin. No formal
hypothesis was tested.

An analysis of variance, considering treatment as a fixed
effect and subject as a random effect, was performed using
Statistical Analysis Software (SAS, Version 9 or higher)
Mixed Linear Models procedure to compare the plasma
metformin PK parameters between the test treatment [dolute-
gravir + metformin (ie, end of period 2)] and reference
treatment [metformin alone (ie, end of period 1)] for each
cohort. The statistical analysis was performed on the
log-transformed plasma PK parameters. Point estimates and
their associated 90% confidence intervals (CIs) were con-

structed for the differences between test and reference treat-
ments for each cohort. The point estimates and their
associated 90% CIs were then back-transformed to provide
point estimates and 90% CIs for the test-to-reference ratio for
the PK parameters Cmax, AUC(0–t), t(1/2), and CL/F.

In Vitro Metformin Transport Studies
Effects of dolutegravir on metformin transports, includ-

ing MATE1, MATE2-K, PMAT, and OCT3, were evaluated
in vitro using recombinant expression systems with transport
function confirmed by positive control inhibitors. Effects of
dolutegravir on paracellular permeability were determined in
confluent Madin-Darby canine kidney II and Caco-2 cell
monolayers. Cellular uptake of metformin by the Caco-2
intestinal cell line was determined in the absence and
presence of metformin (see Methods, Supplemental Digital
Content, http://links.lww.com/QAI/A800 which describes the
detailed methodologies used in the in vitro transport studies).

RESULTS

Subject Demographics and Disposition
Fifteen subjects were enrolled into cohort 1 and 14

subjects completed the study as planned; 1 subject was
withdrawn from period 2 at the discretion of the investigator
(difficulty obtaining blood samples). The majority of subjects
in Cohort 1 were white (93%), male (73%), and had a mean
age of 37.7 years. Fifteen subjects were enrolled into cohort 2
and 13 subjects completed as planned; 1 subject was
withdrawn from period 2 at the discretion of the investigator
(difficulty obtaining blood samples) and 1 subject was
withdrawn from period 3 due to an AE (erythematous
maculopapular rash). Subjects in cohort 2 were predomi-
nantly male (80%), white (47%) or African American (47%),
and had a mean age of 33.9 years.

Pharmacokinetics
The pharmacokinetics of metformin were altered in the

presence of dolutegravir as shown by the increase in plasma
exposure [Cmax and AUC(0–t)] and returned to baseline
(period 1) 10 days after dolutegravir dosing was stopped (Fig.
1 and Table 1). The magnitude of the effect of dolutegravir on
metformin PK was dependent on dolutegravir dose.

Metformin AUC(0–t) and Cmax were increased by 79%
and 66%, respectively, when administered with dolutegravir 50
mg q24h and by 145% and 111%, respectively, when
administered with dolutegravir 50 mg q12h (Table 1). This
was accompanied by a decrease in CL/F of 44% and 59% when
co-administered with dolutegravir 50 mg q24h and 50 mg q12h,
respectively (Table 1). However, metformin t(1/2) values were
similar with and without co-administration with dolutegravir.

Dolutegravir PK parameters after co-administration
of dolutegravir and metformin are presented in Table 2.
The observed values of dolutegravir PK parameters after
co-administration with metformin were comparable with dolute-
gravir administered alone based on historical data under fed
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conditions. This is consistent with knowledge that metformin is
not expected to affect the PK of dolutegravir.

Safety
All subjects received at least one dose of study

medication and were included in the safety population for this
study. Metformin was well tolerated when either administered
alone (500 mg q12h) or when administered with dolutegravir
(either 50 mg q24h or 50 mg q12h). There was no discernible
pattern of AE frequency seen with respect to cohort or period.
There were no AEs that were considered to be grade 3 or 4
(Division of AIDS), that resulted in death, or that were
considered serious (nonfatal) reported during the study.

Overall, 26 AEs were reported by subjects in cohort 1,
whereas 30 AEs were reported by subjects in cohort 2 (Table
3). Despite increased plasma concentrations of metformin
when co-administered with dolutegravir (period 2), the

frequency and severity of AEs in both cohorts were similar
to those observed in period 1 (metformin alone). Addition-
ally, there were more drug-related AEs reported during period
1 than during period 2 in both cohorts (Table 4). A single
subject was withdrawn due to a drug-related AE, erythema-
tous maculopapular rash that occurred in period 3 (metformin
alone), which began 2–3 days after dosing with dolutegravir
was completed. One subject in cohort 2 had a grade 1 AE of
elevated ALT (133 U/L) in period 3, and this increase was
considered potentially drug related, although the subject
disclosed overeating fatty foods. The subject’s ALT returned
to normal limits, he completed the study, and he was
discharged in good health. One subject in cohort 1 with
a baseline glucose of 79 mg/dL experienced a grade 1 AE of
hypoglycemia in period 1 and period 2 that was considered
drug related; however, the subject’s symptoms (jitteriness and
hand shaking) occurred twice in phase 1 with blood glucose
values in the normal range (70 and 77 mg/dL), and once on

FIGURE 1. Mean plasma
concentration–time profiles of metfor-
min (500mg q12h) administered with
and without dolutegravir; (A) cohort 1
and (B) cohort 2. Period 1: metformin
alone; period 2: metformin plus either
dolutegravir 50 mg q24h (cohort 1)
or dolutegravir 50 mg q12h (cohort
2); period 3: metformin alone. DTG,
dolutegravir; q12h, every 12 hours;
q24h, every 24 hours.
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day 1 of period 2 (first day of co-dosing), when his glucose
was 55 mg/dL (normal range lower value = 70 mg/dL),
which responded quickly to oral glucose (juice), making
attribution to glucose levels inconsistent. The subject was
subsequently withdrawn from the study by the investigator
due to repeated difficulty in obtaining blood samples for
glucose monitoring.

No consistent, treatment related or clinically signif-
icant changes in mean or median hematology or clinical
chemistry values were observed in the study. No clinically

significant changes in blood pressure or heart rate were
observed during the study. Across both cohorts, mean
serum creatinine levels were increased in period 2 at levels
that are consistent with previous experience with dolute-
gravir (Table 4).13 In period 3 serum creatinine returned to
levels similar to those observed in period 1.

In Vitro Metformin Transport Studies
The in vitro transport studies showed that dolutegravir

was not a clinically relevant inhibitor of PMAT (no inhibition
#100 mM), OCT3 (no inhibition #10 mM; 10%–25%
inhibition 30–100 mM), MATE1 [half-maximal inhibitory
concentration (IC50) = 6.3 6 1.1 mM], or MATE2-K (IC50 =
24.8 6 4.7 mM). Paracellular permeability was not affected
by dolutegravir in confluent cell monolayers. Likewise,
metformin paracellular permeability and cellular uptake of
metformin in the Caco-2 intestinal cell line were unaffected in
the presence of dolutegravir (see Text 2 Results, Supplemental
Digital Content, http://links.lww.com/QAI/A800 which de-
scribes findings in the in vitro transport studies; see Table 1,
Supplemental Digital Content, http://links.lww.com/QAI/A800
which describes the findings on the effect of dolutegravir on
[14C]metformin flux in Caco-2 cell monolayers; see Table 2,
Supplemental Digital Content, http://links.lww.com/QAI/A800
which describes the findings on the effect of dolutegravir
on [14C]metformin cellular uptake in Caco-2 cell mono-
layers; see Figure 1, Supplemental Digital Content,
http://links.lww.com/QAI/A800 which describes the find-
ings on the effect of dolutegravir on metformin transport by
MATE1 and MATE2-K; see Figure 2, Supplemental Digital
Content, http://links.lww.com/QAI/A800 which describes the

TABLE 1. Summary of Metformin PK Parameters

PK Parameter

Cohort 1 (Dolutegravir 50 mg q24h)

Geometric Mean (CV%) GLS Mean Ratio (90% CI)

Period 1 Metformin
Alone (n = 15)

Period 2 Metformin
Plus Dolutegravir (n = 14)

Period 3 Metformin
Alone (n = 14) Period 2 vs Period 1

AUC(0–t), mg$h/mL 6.82 (26.5) 12.2 (23.1) 7.55 (28.1) 1.79 (1.65 to 1.93)

Cmax, mg/mL 0.932 (26.2) 1.55 (22.6) 0.979 (31.1) 1.66 (1.53 to 1.81)

tmax, h* 4.00 (1.00, 6.00) 4.00 (1.00, 6.03) 4.00 (1.00, 6.00) —

CL/F, L/h 73.3 (26.5) 40.9 (23.1) 66.2 (28.1) 0.559 (0.518 to 0.604)

t(1/2), h 3.97 (18.2) 4.33 (24.0) 4.60 (35.8) 1.09 (0.954 to 1.24)

Cohort 2 (Dolutegravir 50 mg q12h)

Geometric Mean (CV%) GLS Mean Ratio (90% CI)

Period 1 Metformin
Alone (n = 15)

Period 2 Metformin
Plus Dolutegravir (n = 14)

Period 3 Metformin
Alone (n = 13) Period 2 vs Period 1

AUC(0–t), mg$h/mL 6.49 (16.0) 15.9 (15.9) 6.69 (16.4) 2.45 (2.25 to 2.66)

Cmax, mg/mL 0.875 (24.3) 1.85 (13.1) 0.872 (14.8) 2.11 (1.91 to 2.33)

tmax, h* 4.00 (1.50, 8.00) 4.00 (1.00, 6.00) 4.00 (2.00, 8.00) —

CL/F, L/h 77.2 (16.6)† 31.4 (15.9) 74.8 (16.4) 0.409 (0.375 to 0.447)

t(1/2), h 4.27 (26.5)† 4.89 (19.6) 4.48 (24.3)† 1.114 (1.00 to 1.29)

*tmax is reported as median (minimum, maximum).
†PK parameter could not be calculated for one subject.
AUC(0–t), area under the curve during a dosing interval; CI, confidence interval; CL/F, apparent clearance after oral dosing; Cmax, maximum concentration; GLS, geometric least

squares; PK, pharmacokinetic; q12h, every 12 hours; q24h, every 24 hours; t(1/2), half-life; tmax, time to maximum concentration.

TABLE 2. Summary of Dolutegravir PK Parameters

Dolutegravir PK
Parameter*

Cohort 1 Cohort 2

Dolutegravir 50 mg
q24h + Metformin

500 mg q12h
(N = 14)

Dolutegravir 50 mg
q12h + Metformin

500 mg q12h
(N = 14)

AUC(0–t), mg$h/mL 54.6 (25.7) 65.6 (23.8)

Cmax, mg/mL 3.81 (27.7) 6.81 (19.3)

tmax, h 4.00 (1.00, 11.9) 2.50 (1.00, 4.00)

CL/F, L/h 0.914 (26.7)† 0.762 (23.8)

C0, mg/mL 1.21 (38.3) 4.76 (32.7)

Ct, mg/mL 1.25 (33.7) 4.37 (31.0)

*Data are presented as geometric mean (CV%), except tmax, which is reported as
median (minimum, maximum).

†PK parameter could not be calculated for one subject.
AUC(0–t), area under the curve during a dosing interval; Ct, concentration at the

end of the dosing interval; C0, predose concentration; CL/F, apparent clearance after
oral dosing; Cmax, maximum concentration; CV%, coefficient of variation; PK,
pharmacokinetic; q12h, every 12 hours; q24h, every 24 hours; tmax, time to maximum
concentration.

Song et al J Acquir Immune Defic Syndr � Volume 72, Number 4, August 1, 2016

404 | www.jaids.com Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

http://links.lww.com/QAI/A800
http://links.lww.com/QAI/A800
http://links.lww.com/QAI/A800
http://links.lww.com/QAI/A800
http://links.lww.com/QAI/A800


findings on the effect of cimetidine on metformin transport by
MATE1 and MATE2-K; see Figure 3, Supplemental Digital
Content, http://links.lww.com/QAI/A800 which describes the
findings on the effect of dolutegravir on MPP+ transport by
PMAT and OCT3; and see Figure 4, Supplemental Digital
Content, http://links.lww.com/QAI/A800 which describes the
findings on the effect of dolutegravir on metformin transport by
PMAT and OCT3).

DISCUSSION
Combination ART for the treatment of HIV infection is

associated with a risk of developing T2DM, especially in
subjects with signs of metabolic syndrome before initiating
ART.17 It is anticipated that antidiabetic medications, and in

particular metformin, could be used concurrently with
dolutegravir. Since dolutegravir is a clinically relevant
inhibitor of OCT2 (IC50 = 1.9 mM),14,18 a transporter involved
in the renal elimination of metformin, it was important to
evaluate the effect of dolutegravir on the PK, safety, and
tolerability of metformin.

Since dolutegravir is a known inhibitor of OCT2,
international labels contraindicate co-dosing of dolutegravir
with OCT2 substrates that have a narrow therapeutic index,
such as the antiarrhythmic agent dofetilide, due to the
possible severe risk from increased drug levels when subjects
are not monitored. Metformin is a drug that requires titration
and has a very wide therapeutic window.

Consistent with inhibition of OCT2, co-administration
of dolutegravir increased the exposure and decreased the

TABLE 3. Summary of Drug-Related Adverse Events

Period 1 Metformin Alone Period 2 Metformin Plus Dolutegravir Period 3 Metformin Alone

Cohort 1*
(N = 15)

Cohort 2†
(N = 15)

Cohort 1*
(N = 15)

Cohort 2†
(N = 15)

Cohort 1*
(N = 14)

Cohort 2†
(N = 14)

Any event,‡ n (%) 7 (47) 2 (13) 2 (13) 5 (33) 1 (7) 2 (14)

Diarrhea 3 (20) 2 (13) 1 (7) 1 (7) 1 (7) 1 (7)

Abdominal pain 1 (7) 1 (7) 0

Constipation 2 (13) 0 0

Abdominal discomfort 1 (7) 1 (7) 0 1 (7) 0 0

Abdominal distension 1 (7) 0 0

Nausea 0 1 (7) 0 3 (20) 1 (7) 0

Restless leg syndrome 2 (13) 0 0

Headache 0 1 (7) 1 (7) 0 0 0

Hypoglycemia 1 (7) 0 0

Hyperhidrosis 0 0 0 1 (7) 0 0

Erythematous maculopapular rash 0 0 0 0 0 1 (7)

Feeling cold 0 0 0 1 (7) 0 0

Feeling hot 0 0 0 1 (7) 0 0

ALT increased 0 0 0 0 0 1 (7)

Myalgia 0 1 (7) 0 0 0 0

Dysuria 0 0 0 1 (7) 0 0

Adverse events are ordered by decreasing frequency in cohort 1.
*Cohort 1 received dolutegravir 50 mg q24h in period 2.
†Cohort 2 received dolutegravir 50 mg q12h in period 2.
‡Subjects with more than 1 drug-related adverse event are only counted once.
ALT, alanine aminotransferase; q12h, every 12 hours; q24h, every 24 hours.

TABLE 4. Summary of Changes in Serum Creatinine

Period/Study Day

Serum Creatinine, Mean (SD), mmol/L

Cohort 1*
Change From

Baseline (Predose) Cohort 2*
Change From

Baseline (Predose)

Period 1,† day -1 (predose) 68.36 (12.71) — 78.97 (16.53) —

Period 1,† day 5 74.85 (11.99) 5.89 (4.31) 80.74 (16.32) 1.77 (9.57)

Period 2,‡ day 7 82.09 (11.20) 13.26 (4.59) 89.03 (15.30) 7.58 (9.08)

Period 3,§ day 10 72.61 (12.59) 3.79 (6.68) 78.20 (13.43) 24.08 (5.86)

*Cohort 1 received dolutegravir 50 mg q24h in period 2; cohort 2 received dolutegravir 50 mg q12h in period 2.
†Period 1–metformin alone.
‡Period 2–metformin plus dolutegravir.
§Period 3–metformin alone.
q12h, every 12 hours; q24h, every 24 hours; SD, standard deviation.
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clearance of metformin, an effect that was dose dependent.
The magnitude to which dolutegravir increased the exposure
to metformin was higher than anticipated (5%) based on the
IC50 values for OCT2 (1.9 mM), dolutegravir unbound Cmax
(twice daily Cmax = 13 mM; free fraction, $1.1%), and the
fraction of metformin clearance mediated by active tubular
secretion (0.67).19 Even taking dolutegravir’s OCT2 inhibi-
tory potency determined using tetraethylammonium as the
substrate (0.066 mM),18 the magnitude of the clinical
metformin interaction is underpredicted by 2-fold. Notably,
the magnitude of the increase in metformin exposure in the
presence of dolutegravir exceeded those observed for cimet-
idine and pyrimethamine, 2 prototypical inhibitors of renal
OCT/MATE cationic transport.20–22 Given that t(1/2) values
of metformin were not affected by co-administration of
dolutegravir, and that the observed magnitude of the drug–
drug interaction can be only partially explained by OCT2
inhibition, mechanisms other than inhibition of renal clear-
ance of metformin are likely involved in the observed drug
interaction. For this reason, the effect of dolutegravir on other
transporters known to be involved in metformin absorption,
distribution, and excretion (PMAT, OCT3, MATE1, and
MATE2-K) was evaluated.8 Previous studies demonstrated
that dolutegravir was not a clinically relevant inhibitor of
OCT1 (22% inhibition at 10 mM),14 and the present study
showed that MATE1 inhibition (IC50 = 6.3 mM) also was not
clinically relevant,23,24 whereas dolutegravir did not inhibit
the other known metformin transporters. Consistent with the
unchanged metformin tmax during period 2 of the present
study, dolutegravir did not enhance metformin absorption
through the paracellular pathway, and it did not affect
metformin intestinal cell uptake, a process in which all
the transport systems have not been reported in the literature.9

As such, the mechanisms of the dolutegravir–metformin
drug–drug interaction include OCT2 and also other
unidentified process(es).

This study demonstrated that, despite a significant
increase in exposure, metformin was well tolerated when
used in combination with dolutegravir. No pattern of AE
frequency was seen with respect to cohort or period. The
subject with the reported symptoms consistent with possible
hypoglycemia had these episodes before the PK effect of co-
dosing could be realized (day 1 of period 2, and earlier), and
moreover, is inconsistent with the known AE profile and
glucose-modulating effects of metformin. In the phase III
clinical trials of dolutegravir, subjects entering the studies on
metformin (or a metformin-containing product) were per-
mitted to continue metformin therapy with appropriate
monitoring. There were a total of 41 subjects who received
dolutegravir and metformin (or a metformin-containing
product) during phase III clinical trials of dolutegravir.
Although these studies were not designed to evaluate the
safety or PK impact of concomitant therapy with dolute-
gravir and metformin, no cases of drug-related hypoglyce-
mia or lactic acidosis were reported in subjects receiving
concomitant therapy.

Metformin has a wide therapeutic index and is not
associated with a risk for hypoglycemia when administered
at the recommended doses. Additionally, the primary safety

concern with high metformin concentrations is lactic
acidosis, which tends to occur in subjects with certain risk
factors, most notably renal insufficiency (either intrinsic,
including age-related decreases in renal function or from
hypoperfusion secondary to sepsis, severe dehydration, etc.).
There can also be an increased risk with either moderate
liver disease or heavy ethanol use due to decreased
metabolism of lactate. When metformin was considered
the probable cause of lactic acidosis, the plasma concen-
trations were usually greater than 5 mg/mL.12 Of note, this
plasma level is significantly higher than the Cmax achieved
for subjects receiving twice-daily dolutegravir plus metfor-
min in this study (1.85 mg/mL). Higher doses of metformin
can also cause gastrointestinal intolerance, and dose titration
is recommended to avoid these issues. Additive gastrointes-
tinal intolerance would not be expected, because it was not
observed in this study or the dolutegravir phase III program.
The magnitude of the increase in metformin plasma PK by
dolutegravir warrants monitoring of subjects’ glucose levels
when they are starting or stopping co-administration with
metformin, and consideration of metformin dose adjustment
based on glycemic control.

In conclusion, a dose adjustment in metformin
should be considered when co-administered with dolute-
gravir, especially in subjects otherwise at risk for metfor-
min toxicity. For subjects who start metformin therapy to
treat T2DM while already on a dolutegravir-containing
regimen for the treatment of HIV infection, treatment
initiation and dose titration of metformin should be
performed as suggested in the metformin product label.
For subjects who start or stop a dolutegravir-containing
regimen while on metformin therapy, the magnitude of the
change in metformin plasma concentrations warrant re-
assessment of glycemic control and consideration of
metformin dose adjustment.
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