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Objectives: Completion rates for HIV postexposure prophylaxis (PEP) are often low.
We investigated the adherence and safety of dolutegravir (DTG; 50 mg daily) with
tenofovir disoproxil fumarate–emtricitabine (TDF–FTC; 300/200 mg, respectively) as
three-drug PEP in gay and bisexual men.

Design: Open-label, single-arm study at three sexual health clinics and two emergency
departments in Australia.

Methods: In total, 100 HIV-uninfected gay and bisexual men requiring PEP received
DTG and TDF–FTC for 28 days. The primary end point was PEP failure (premature PEP
cessation or primary HIV infection through week 12). Additional end points were adherence
by self-report (n¼98) and pill count (n¼55), safety, and plasma drug levels at day 28.

Results: PEP completion was 90% (95% confidence interval 84–96%). Failures (occur-
ring at a median 9 days, interquartile range 3–16) comprised loss to follow-up (9%) and
adverse event resulting in study drug discontinuation (headache, 1%). No participant
was found to acquire HIV through week 12. Adherence to PEP was 98% by self-report
and in the 55 participants with corresponding pill count data. The most common
clinical adverse events were fatigue (26%), nausea (25%), diarrhoea (21%), and
headache (10%). There were only four grade 3–4 subjective adverse events. The most
common laboratory adverse event was raised alanine aminotransferase (22%), but there
was no case of clinical hepatitis. At day 28, the mean estimated glomerular filtration rate
decrease was 14 ml/min/1.73m2 (SD 17, P¼0.001); an estimated glomerular filtration
rate of less than 60 ml/min/1.73m2 occurred in 3%.

Conclusions: DTG with TDF–FTC is a well tolerated option for once-daily PEP.
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Introduction
Condoms protect gay and bisexual men (GBM) from
sexually acquired HIV infection but are at best 70%
effective [1]. Antiretrovirals also reduce risk of HIV
infection when used as either postexposure prophylaxis
(PEP) or more recently as preexposure prophylaxis [2,3].
Nonhuman primate studies, studies of mother-to-child
HIV transmission, a single case–control study of
healthcare workers occupationally exposed to HIV, and
cohort data all provide a supportive evidence base for use
of PEP [4–7].

PEP can cause harm, including severe cutaneous toxicity
and fulminant hepatitis with nevirapine, hypersensitivity
with abacavir, and nephrolithiasis with indinavir [8–10].
Additionally, less severe side-effects can cause patients to
stop PEP prematurely. In a meta-analysis, 33% of GBM
ceased PEP prematurely; toxicity-driven discontinuation
was more common with three-drug than with two-drug
PEP (9% vs. 2%, respectively) [11].

Numerous guidelines recommend tenofovir (TNV)
disoproxil fumarate (TDF) with either emtricitabine
(FTC) or lamivudine 300 mg as the preferred nucleoside
reverse transcriptase inhibitors in PEP, as TDF is better
tolerated than zidovudine [12–15]. The WHO recom-
mends three-drug PEP for all, but there is no consensus
regarding the preferred third drug [2]. A systematic
review found that PEP completion rates were highest for
boosted darunavir/TDF–FTC (94%), raltegravir/TDF–
FTC (75%), and lopinavir/TDF–FTC (71%) [15]. We
found that TDF–FTC with raltegravir or rilpivirine
resulted in 92% completion [16,17]. However, raltegravir
requires twice-daily dosing and can rarely cause
rhabdomyolysis and rilpivirine requires dosing with food.

In large studies of HIV-positive adults, the integrase
inhibitor dolutegravir (DTG) was potent and well
tolerated [18,19]. DTG has a short time to maximum
plasma concentration (Tmax), a long half-life, and is taken
as one tablet, once daily with no dietary restrictions–all
excellent characteristics for a PEP candidate. We
evaluated the safety, tolerability, and adherence of
three-drug, once-daily PEP containing DTG 50 mg
with TDF–FTC.
Methods

Design
The trial was a multicenter, open-label, single-arm trial.
In total, 100 eligible GBM were assigned to receive DTG
50 mg one tablet, once daily with TDF–FTC for 28 days
according to Australian PEP guidelines for the use of
three-drug PEP [12]. Participants attended for up to
seven study visits over 12 weeks.
 Copyright © 2017 Wolters Kluwer H
Study settings
The study was conducted in five centres at which GBM
self-refer for PEP: St Vincent’s Hospital, Sydney;
Melbourne Sexual Health Centre; Sydney Sexual Health
Centre; The Alfred Hospital, Melbourne and Clinic 16,
Northern Sydney Sexual Health, Sydney. St Vincent’s
Hospital Human Research Ethics Committee granted
ethical approval (approval number HREC/14/SVH/29).
The protocol is registered on ClinicalTrials.gov,
ID NCT02211690.

Eligibility criteria
GBM eligible for three-drug PEP were offered study
participation. The study was restricted to GBM because
they are the principal target group for PEP in Australia,
account for almost all PEP use, and represent most
incident HIV infections [20]. A two-stage eligibility
screening process followed written, informed consent.
Participants were ineligible if they were using any
medicine contraindicated with study medications, had
known chronic active or treated hepatitis B virus
infection or had received PEP containing DTG in the
past. Participants were also ineligible if at visit 2 (3–5 days
after PEP commencement), baseline serology was
consistent with established or possible primary HIV
infection, serum alanine aminotransaminase (ALT) was
greater than five times the upper limit of normal, the
estimated glomerular filtration rate (eGFR) was less than
60 ml/min/1.73m2, or serology was consistent with
chronic active hepatitis B virus. These study participants
ceased study medication and were managed as per usual
site-specific protocols.

Assessments and outcome measures
Subjective adverse event were recorded at each sub-
sequent visit and graded as previously described [16,17].
Drug adherence was measured by self-report and pill
count at weeks 2, 4, and 5 (calculated by dividing the
number of doses returned by the number of doses
dispensed, expressed as the percentage of doses taken).

All participants received standardized education regarding
potential subjective adverse effects and adherence. All
participants received an short message service (SMS)
reminder prior to each appointment and were contacted
if an appointment was missed.

Blood was tested for HIV, hepatitis B, hepatitis C, and
syphilis at screening. HIVand syphilis testing was repeated
at weeks 4 and 12. Biochemistry, liver function tests,
glucose, amylase, lipase, creatine kinase, and lactate were
checked at baseline and weeks 2 and 4. Plasma was stored
at baseline for HIV genotype/RNA testing in the event
that baseline or subsequent HIV infection was demon-
strated. Urinalysis was performed at baseline and week 4.

Plasma levels of DTG, FTC, and TNV were measured
using high-performance liquid chromatographic separation
ealth, Inc. All rights reserved.
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GBM eligible for 3-drug PEP n=468
(mean age 33, SD 9 years)

GBM consented n=104
(mean age 33, SD 10 years)

Completed 28 days 
PEP n=90

Did not complete 28 
days of PEP n=10

Lost to follow-up  9
Adverse event       1

GBM enrolled n=100
(mean age 33, SD 9 years )

GBM excluded n=4

Source HIV nega�ve                         2   
eGFR <60 mL/min/1.72m2              1
Unable to commit to study visits   1 

Fig. 1. Eligibility, enrollment and outcome. Consort Diagram
eGFR, estimated glomerular filtration rate; GBM, gay and
bisexual men; PEP, postexposure prophylaxis.
at week 4 while on PEP (PPD Laboratories 3230 Deming
Way, Middleton, Wisconsin, USA). A plasma TNV level at
least 40ng/ml indicates recent full adherence and a DTG
level of at least 64ng/ml is associatedwithundetectable HIV
viral load [21,22].

The primary end point was premature PEP cessation
defined by cessation of PEP prior to day 28 (except if
their ‘source’ partner was subsequently found to be HIV
uninfected or the participant was found to be HIV positive
at baseline) or primary HIV infection through week 12.
Secondary end points were adherence (by self-report of
doses missed, by pill count, and by plasma concentrations of
DTG and TNV at week 4) and safety (clinical and
laboratory adverse events, PEP cessation for adverse events).

Sample size and data analysis
For an estimated completion rate of 95%, 100 participants
provided a 95% confidence interval (CI) of 90.7–99.3%.
Analyses were performed on the intention-to-treat
population unless otherwise stated. Descriptive statistics
were calculated. Changes from baseline in laboratory
parameters were tested for significance using the paired
samples t-test. Significance was set at 0.05 and CIs at 95%.
Results

Baseline characteristics
Between 1 August 2014 and 30 October 2015, 468 men
received three-drug PEP: 104 were consented and 100
 Copyright © 2017 Wolters Kluwe
were eligible (Fig. 1). The commonest reason for
nonenrolment was presentation when study personnel
were not available. As per protocol, four participants were
withdrawn at day 3: two because the source partners were
found to be HIVuninfected; one because of an eGFR less
than 60 ml/min/1.73m2 and one because he was unable
to commit to study visits.

In total, 70% participants presented following condomless
anal sex and the remainder after condom failure. In total,
40% exposure events occurred with an HIV-positive
source and, of those, 10% and 8% reported an
undetectable or detectable viral load, respectively.
Forty-one percentage of participants reported the receipt
of previous PEP (median 1 [interquartile range (IQR) 1–
2, range 1 – 12] prior episodes).

Treatment outcomes
Of the 100 eligible study participants, PEP completion
was 90% (95% CI 84–96). Failures comprised loss to
follow-up (9%) and one adverse event resulting in PEP
discontinuation (headache, 1%). Discontinuations
occurred at a median 9 days (IQR 3–16). No participant
was found to acquire HIVat week 4 (n¼ 90) or week 12
(n¼ 77). In total, 6% and 9% participants were diagnosed
with Chlamydia trachomatis or Neisseria gonorrhea, respect-
ively, (four with both), 3% with primary anogential
herpes simplex virus infection, and one participant with
infectious syphilis.

For the 98 participants with available data, self-reported
medication adherence to all expected doses was 98% (SD
4%). Of the 55 participants with corresponding self-
reported adherence and pill count data, adherence was
also 98% (SD 3%). There was no reported or observed
differential dosing for DTG vs. TDF–FTC.

In total, 85 participants had plasma DTG levels and 89
participants had TNV levels measured at week 4, a median
of 16 h (IQR 11–22) after the last dose of medication. Of
these, 94% had a DTG drug level at or greater than the
protein-adjusted inhibitory concentration (IC90) and 79%
a TNV drug level at least 40 ng/ml.

Safety
Subjective adverse events were predominantly gastroin-
testinal [nausea (25%), diarrhea (21%), flatus (9%),
abdominal pain (9%), bloating (4%), and vomiting
(2%)] or affecting the central nervous system [headache
(10%), vivid dreams (7%), and dizziness (3%)]. There were
four subjective adverse events graded 3–4 (vivid dreams,
insomnia, headache, and fatigue). One patient ceased
study medication at day 3 because of grade 3 headache.
There was no unexpected adverse event or serious
adverse event.

The most common laboratory adverse events are shown
in Table 1. Transaminitis (raised ALT) was common (22%)
r Health, Inc. All rights reserved.
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Table 1. Laboratory adverse events occurring in at least 1% of
participants during treatment.

Laboratory test Grade 1–2 Grade 3–4

Chemistries [na (%)]
Creatinine 10/93 (11)
Glucose 1/91 (1)
Hypophosphatemia 5/91 (5)
Bilirubin 4/93 (4) 1/89 (1)
Alanine aminotransferase 21/96 (22)
Creatine kinase 8/92 (9) 1/92 (1)
Lipase 7/92 (8) 1/84 (1)
Amylase 7/92 (8) 1/85 (1)
Lactate 8/91 (9) 1/89 (1)

Urinalysis [n (%)]
Proteinuria 10/88 (11)
Hematuria 1/88 (1)
Glycosuria 2/88 (2)

aNot all patients had laboratory testing at visit 3 (day 12–14) and/or
visit 4 (day 26–28).
Grade 1–4 laboratory adverse events were not counted if occurring at
baseline with resolution by visit 3. Laboratory adverse events were
counted if they escalated a grade at visit 3 or 4 or recurred at visit 4.
but universally grade 1–2. Three participants developed
an eGFR less than 60 ml/min/1.73m2; the mean eGFR
decrease at day 28 was 14 ml/min/1.73m2 (SD 17,
P¼ 0.001). Grade 1–2 proteinuria, grade 1–2 hematuria,
and grade 1–2 glycosuria were noted in 11%, 1%, and 2%
at day 28, respectively. Of the two participants with
glycosuria, neither had hyperglycemia. No participant
who developed an elevated serum creatine kinase had
myalgia or reported muscle weakness. On follow-up
testing of the three study participants who experienced an
eGFR of less than 60 ml/min/1.73m2, eGFR returned to
prestudy baseline.
Discussion

In this population of GBM, 90% completed PEP with
DTG/TDF–FTC, a rate similar to comparable studies of
raltegravir or rilpivirine with TDF–FTC and superior to
the reported third of GBM who fail to complete other
PEP regimens [11,16,17].

Adherence (reported and observed) to DTG/TDF–FTC
was high (estimated 98% of all doses taken). There was no
evidence of differential dosing, but the discrepancy
between the proportion with low DTG and TNV levels
(6% and 21%, respectively) suggests that some participants
may have taken more doses of DTG than of TDF–FTC.
Pharmacokinetic differences seem less likely given that
TDF has a longer half-life than DTG.

Subjective adverse events were common and largely grade
1–2. ALT changes were asymptomatic and not accom-
panied by hyperbilirubinemia. In large trials in HIV-
positive adults, DTG was associated with ALT elevations
to greater than three times the upper limit of normal in
 Copyright © 2017 Wolters Kluwer H
2–5% (rates similar to those in comparator groups) that
were rarely symptomatic [18,19]. Hepatitis and hepatic
failure, particularly in patients with hepatitis B or C
coinfection, is a rare potential adverse effect of DTG. It
may be reasonable to screen for viral hepatitis and
monitor ALT with PEP including DTG.

The decrease in eGFR we observed is consistent with the
known benign DTG inhibition of the renal tubular
organic cation transporter 2 (OCT2) receptor responsible
for tubular secretion of creatinine; participants were,
however, also taking TDF which is significantly associated
with (usually modest) kidney disease in HIV-positive
adults [22,23]. This confounding highlights the need
to check renal function at baseline when initiating PEP
with DTG and/or TDF and, in those found to have
biochemical markers of decreased renal function,
consider switching DTG and/or TDF to another
agent not associated with artefactual or actual eGFR
decreases.

Our study has limitations. The sample size is relatively
small. The experience of non-GBM and women may
differ. Almost half of participants had received PEP
previously, the study was uncontrolled and open label,
participants were warned about potential adverse events,
received SMS reminders about clinic visits, and regular
clinical review during the 28 days of PEP; all of these
factors could positively or negatively affect adherence,
regimen completion, and the reporting of adverse events,
although perhaps less so for DTG.

In conclusion, DTG/TDF–FTC as daily PEP was well
tolerated and resulted in high completion rates and levels
of daily adherence. Baseline renal and liver function
testing should precede the initiation of DTG/TDF–3TC
as PEP.
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