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Objectives: Tenofovir alafenamide produces lower plasma tenofovir and higher intracellular tenofovir diphos-
phate (DP) concentrations than tenofovir disoproxil fumarate but it is likely a victim of interactions with rifampi-
cin. We aimed to investigate the pharmacokinetics of tenofovir alafenamide/emtricitabine with rifampicin.

Patients and methods: Healthy volunteers received tenofovir alafenamide/emtricitabine at 25/200 mg once
daily, followed by tenofovir alafenamide/emtricitabine ! rifampicin daily followed by tenofovir disoproxil fumar-
ate. Plasma tenofovir alafenamide, tenofovir, emtricitabine and intracellular tenofovir-DP and emtricitabine tri-
phosphate pharmacokinetics and genetic polymorphisms were assessed.

Results: Tenofovir alafenamide exposure decreased when tenofovir alafenamide/emtricitabine!rifampicin was
used compared with tenofovir alafenamide/emtricitabine [geometric mean ratio (GMR) (90% CI): 0.45 (0.33–
0.60)]. Plasma tenofovir and intracellular tenofovir-DP concentrations decreased with rifampicin [GMR (90% CI):
0.46 (0.40–0.52) and 0.64 (0.54–0.75), respectively]. GMR (90% CI) of intracellular tenofovir-DP AUC0–24 for teno-
fovir alafenamide/emtricitabine ! rifampicin versus tenofovir disoproxil fumarate was 4.21 (2.98–5.95).
Rifampicin did not affect emtricitabine pharmacokinetics. CYP3A4*22 rs35599367 was associated with higher
plasma tenofovir alafenamide AUC0–24 at day 56.

Conclusions: Following tenofovir alafenamide/emtricitabine administration with rifampicin, intracellular
tenofovir-DP concentrations were still 4.21-fold higher than those achieved by tenofovir disoproxil fumarate,
supporting further study during HIV/TB co-infection.

Introduction

TB is a leading cause of death in people living with HIV (PLWH),
accounting for 40% of all deaths globally in 2016. PLWH are 20–30
times more likely to present with active TB than HIV-negative indi-
viduals, and 1.4 million new cases of TB amongst PLWH were esti-
mated in 2016.1 The first-line treatment modality for TB infection
is a 2 month daily regimen of four compounds and 4 months of
two compounds, including the antibiotic rifampicin.2 Initiation of
ART in co-infected patients with TB is strongly advised for reducing
mortality, and it is therefore important to evaluate the potential
drug–drug interactions between anti-HIV and TB treatments.3–5

Tenofovir alafenamide is a prodrug of tenofovir with greater
stability in plasma and increased penetration into PBMCs as com-
pared with tenofovir disoproxil fumarate.6 In view of these charac-
teristics, 80%–90% lower plasma concentrations of tenofovir are

expected when tenofovir alafenamide is used as compared with
tenofovir disoproxil fumarate. Tenofovir disoproxil fumarate is cur-
rently the primary form of tenofovir used in HIV treatment, and
the only form approved for preventing HIV infection.3 The decrease
in circulating tenofovir exposure results in an improved safety
profile of tenofovir alafenamide compared with tenofovir diso-
proxil fumarate, mainly in terms of nephrotoxicity and bone
health. Importantly, tenofovir alafenamide provides a high degree
of efficacy and is as effective as tenofovir disoproxil fumarate in
PLWH.7–11

Tenofovir alafenamide is a substrate of drug transporters such
as P-glycoprotein (P-gp) and breast cancer resistance
protein (BCRP), all of which are involved in the intestinal and hepat-
ic uptake of tenofovir alafenamide.12,13 Once absorbed, tenofovir
alafenamide is metabolized to tenofovir by cathepsin A and car-
boxylesterase 1 in PBMCs and hepatic cells, respectively,
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subsequently undergoing intracellular phosphorylation to the ac-
tive metabolite tenofovir diphosphate (tenofovir-DP).14,15

Rifampicin is known to be a ligand of the pregnane X receptor
(PXR), activation of which results in induction of target genes
including ABCB1 (which encodes P-gp), ABCG2 (which encodes
BCRP) and CYP3A4, leading to increased clearance of drugs that
are substrates of these transporters.16,17

In view of the potential drug–drug interactions the co-
administration of tenofovir alafenamide with rifampicin is not cur-
rently recommended.18 A recent randomized study investigated
the co-administration of an additional 25 mg dose of tenofovir ala-
fenamide administered with rifampicin in healthy volunteers
receiving the fixed-dose combination tablet bictegravir/emtricita-
bine/tenofovir alafenamide 50/200/25 mg.19 Following co-
administration of tenofovir alafenamide twice daily plus rifampi-
cin, the total plasma tenofovir alafenamide, plasma tenofovir and
intracellular tenofovir-DP concentrations over 24 h (AUC0–24) were
reduced by approximately 15%, 20% and 24%, respectively, as
compared with tenofovir alafenamide once daily. Interestingly,
the mean steady-state concentration at 24 h post-dose (C24) of
tenofovir-DP was found to be above the historical steady-state
tenofovir-DP concentrations achieved with 300 mg tenofovir diso-
proxil fumarate without rifampicin (359 versus 300 fmol/106 cells,
respectively).

Tenofovir alafenamide is currently available on the US market
as a single compound (Vemlidy) or co-formulated with other anti-
retrovirals (ARVs) in fixed-dose combinations: (i) with 200 mg of
emtricitabine to generate a recommended dual-NRTI backbone,
which is frequently preferred as initial HIV therapy; (ii) with emtrici-
tabine and cobicistat plus either elvitegravir (Genvoya) or darunavir
(Symtuza);20,21 or (ii) with emtricitabine and bictegravir (Biktarvy).

Data on tenofovir alafenamide/emtricitabine co-administered
daily with rifampicin are not currently available. Therefore, the
primary objective of this study was to evaluate the pharmacokin-
etics (PK) of plasma tenofovir alafenamide, plasma tenofovir,
intracellular tenofovir-DP, plasma emtricitabine and its intracellu-
lar active metabolite emtricitabine triphosphate (TP) during
co-administration of tenofovir alafenamide/emtricitabine and ri-
fampicin in HIV-negative healthy volunteers to avoid the risk of
achieving sub-therapeutic concentrations of ARVs in PLWH. We
also aimed to compare tenofovir-DP concentrations following
tenofovir alafenamide/emtricitabine given with rifampicin versus
administration of tenofovir disoproxil fumarate alone.

Secondary objectives of the study were to assess the safety and
tolerability of tenofovir alafenamide/emtricitabine in healthy vol-
unteers receiving rifampicin and to describe the association be-
tween genetic polymorphisms in drug disposition genes and drug
exposure in the studied individuals.

Materials and methods

Study population

Eligible participants for the study were HIV-negative males or non-
pregnant and non-lactating females, aged between 18 and 60 years (inclu-
sive), with a BMI between 18 and 35 kg/m2 (inclusive), using an adequate
and effective double-barrier method of contraception and without any clin-
ically significant acute or chronic medical illness. Subjects were required to
have ALT, alkaline phosphatase and bilirubin �1.5%upper limit of normal
(unless bilirubin was fractionated and direct bilirubin was ,35%). Other

subject exclusion criteria were any significant organ dysfunction or clinically
significant laboratory determination outside the normal range, and use of
any prescription or over-the-counter medications or herbal preparations
known to interfere with study drug metabolism within 2 weeks prior to
commencing study drug dosing. Subjects with excessive alcohol or drug
use (positive urine drug screen) considered by the investigator to potentially
hinder compliance with treatment, evaluation or safety procedures were
excluded. Patients were instructed to refrain from alcohol-containing bev-
erages, caffeine-containing products, drinking or eating any St John’s wort,
Seville oranges, grapefruit juice and Seville orange juice for 2 days prior to
the intensive PK visits (days 28, 56 and 84).

Regulatory and ethics approval was obtained before initiating the study
(London Hampstead Ethics Committee). Subjects signed written informed
consent prior to being enrolled in the study. The study was registered at
ClinicalTrials.gov (NCT03186482).

Study procedures
This was an open-label, single-centre, Phase I study that enrolled healthy
volunteers. On day 1 subjects started 25 mg of tenofovir alafenamide co-
formulated with emtricitabine daily with a standard meal (with 20 g fat
content) until day 28 (PK1). Subsequently from day 29 to 56 (PK2) 600 mg
rifampicin daily administration on an empty stomach was added, with the
instruction to take it at least 30 min before a standard meal and followed
by tenofovir alafenamide. Finally, participants discontinued both tenofovir
alafenamide/emtricitabine and rifampicin and from day 57 to 84 they
received 300 mg tenofovir disoproxil fumarate daily with a standard meal.

Steady-state plasma concentrations of tenofovir alafenamide, tenofovir
and emtricitabine and intracellular tenofovir-DP and emtricitabine-TP were
measured weekly from day 7 to day 56. Sampling for tenofovir-DP quantifi-
cation was also performed weekly from day 63 to 84.

Safety procedures including review and assessment of adverse events
(AEs) and concomitant medications, laboratory analysis and vital signs
were conducted throughout the study. AEs were reported according to the
Division of AIDS (DAIDS) grading scale (December 2004).

Intensive PK assessments
Intensive PK visits with serial blood sample collection over 24 h on the last
day of each dosing sequence were collected after 28 days of tenofovir ala-
fenamide/emtricitabine intake (day 28, PK1), 28 days into tenofovir alafe-
namide/emtricitabine and rifampicin co-administration (day 56, PK2), and
28 days after tenofovir disoproxil fumarate administration alone (day 84,
PK3). Study drug plasma concentrations were evaluated from blood
obtained from an intravenous catheter inserted into an arm vein pre-dose
and 2, 4, 6, 8, 12 and 24 h post-dose. At PK1 and PK3 visits participants
attended in a fasted state. Pre-dose PK blood samples for plasma and
PBMCs were collected before they received a standard meal, followed by
drug intake under direct observation by the clinical study staff. At PK2 visits
subjects received rifampicin at least 30 min before a standard meal fol-
lowed by tenofovir alafenamide/emtricitabine. Plasma tenofovir alafena-
mide, tenofovir and emtricitabine PK parameters were evaluated at PK1
and PK2; tenofovir plasma concentrations were also evaluated at PK3.
Moreover, PK parameters of intracellular tenofovir-DP and emtricitabine-TP
were calculated from PBMCs collected at 2, 8, 24 h post-dose at PK1 and
PK2; tenofovir-DP intracellular concentrations were also evaluated at PK3.

Bioanalytical methods
All drug and metabolite concentrations were determined via LC–MS/MS
analysis. All assays were validated in accordance with recommendations of
the FDA, Guidance for Industry, Bioanalytical Method Validation guidelines.
Tenofovir-DP and emtricitabine-TP were acquired from TriLink
Biotechnologies (San Diego, CA, USA). 13C-labelled tenofovir and 13C,15N-
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labelled emtricitabine were acquired via Moravek Biochemicals, Inc. (Brea,
CA, USA) and served as internal standards for the bioanalytical assay.

Quantification of plasma tenofovir alafenamide, tenofovir and emtrici-
tabine were performed using previously described assays, in which lower
limits of quantification were 0.03 ng/mL (tenofovir alafenamide) and
0.31 ng/mL (tenofovir and emtricitabine).22,23 Quantification of tenofovir-
DP and emtricitabine-TP in PBMCs was performed using a modified form of
a previously published method.24 Briefly, PBMC counts were determined
using a quality control-checked automated cell counter (Adam-MC). PBMCs
were lysed in 70% methanol, and 0.1 mL of lysate was used for down-
stream analysis. Tenofovir-DP and emtricitabine-TP were separated from
parent compounds and intermediate metabolites via anion exchange chro-
matography with gradient KCl washes; metabolites of interest were eluted
with 1 M KCl. Tenofovir-DP and emtricitabine-TP were enzymatically con-
verted into parent compounds via sweet potato acid phosphatase
(�10.0 U/mg protein, Sigma, St Louis, MO, USA). Post-enzymatic conversion,
compounds were isolated via solid-phase extraction on Oasis MCX 3 cc
(60 mg) extraction cartridges (Waters Corporation, Milford, MA, USA).
Compounds were eluted and evaporated to dryness. The indirect quantifi-
cation of tenofovir-DP and emtricitabine-TP was conducted using a
Shimadzu Nexera X2 LC system (Shimadzu Corporation, Kyoto, Japan)
interfaced with an API 6500 QTRAP mass analyser (SCIEX, Framingham,
MA, USA) operated in selective reaction monitoring and position ionization
modes. Chromatographic separation was performed using an Acquity UPLC
HSS T3 (1.8 lm, 2.1%50 mm) column (Waters Corporation, Milford, MA,
USA). Assay lower limits of quantification were 5 fmol/sample (tenofovir-
DP) and 50 fmol/sample (emtricitabine-TP). Results were normalized to
number of cells evaluated and expressed as fmol/106 cells.

PK and statistical analysis
The primary endpoints were the PK parameters C24, Cmax and AUC0–24 of
plasma tenofovir alafenamide, plasma tenofovir, plasma emtricitabine and
intracellular tenofovir-DP and emtricitabine-TP during administration of
tenofovir alafenamide/emtricitabine and tenofovir disoproxil fumarate
alone and during co-administration of tenofovir alafenamide/emtricitabine
plus rifampicin. We also calculated Tmax at each PK visit. PK parameters
were calculated using non-compartmental modelling techniques
(WinNonlinVR Phoenix, version 7.0; Pharsight Corp., Mountain View, CA, USA).
PK parameters calculated both in plasma and in PBMCs were descriptive
statistics, including geometric mean (GM), and 95% CIs were used to pre-
sent all PK parameters. Within-participant changes in the assessed PK
parameters (PK2 versus PK1, PK3 versus PK2, PK3 versus PK1) were assessed
by calculating the geometric mean ratio (GMR) and 90% CI. Inter-individual
variability in all PK parameters was expressed as a geometric coefficient of

variation (GCV) calculated using the formula
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

exp r2ð Þ–1g
�q

%100%, where

r2 is the variance of the logarithmic transformation of the variable.25

Differences in drug concentrations through each study phase were
assessed to establish when steady state was achieved (mixed effect test).
StataIC.14 was used to conduct the intra-individual comparison of GMR
and the 90% CI.

The sample size was determined based on the predicted effect of rifam-
picin on tenofovir-DP concentrations. For this sequential design, a sample
size of 20 patients was calculated to provide at least 80% power to detect a
decrease in tenofovir-DP C24 of 40% during combined tenofovir alafena-
mide/rifampicin administration compared with tenofovir alafenamide
administered without rifampicin.

The secondary endpoints were to assess the safety and tolerability of
the co-administration of tenofovir alafenamide/emtricitabine ! rifampicin.
Descriptive statistics were used to summarize participants’ baseline charac-
teristics and demographic data. The safety analysis included all participants
who received at least one dose of study drug, and safety data were col-
lected at least 28 days and up to 36 days after the last dose of study drug

(between days 112 and 120). All safety data, including laboratory tests,
vital signs, graded AEs and their incidence, were recorded.

Pharmacogenetic assays and analysis
Genomic DNA was extracted from whole blood with the manufacturers’
protocol (E.Z.N.A Blood DNA Mini Kit; Omega Bio-tek, Norcross, GA, USA).
Extracted DNA was quantified using NanoDrop (ThermoFisher Scientific,
Wilmington, DE, USA). Genotyping was completed using real-time allelic
discrimination PCR assays on a DNA Engine Chromo4 system (Bio-Rad
Laboratories, Hercules, CA, USA). All patients were genotyped for NR1I2
(encoding PXR) 63396C.T (rs2472677), NR1I3 [encoding the constitutive
androstane receptor (CAR)] 540C.T (rs2307424), CYP3A4*22 522-191C.T
(rs35599367) and ABCG2 421C.A (rs2231142). The PCR protocol followed
denaturation at 95�C for 10 min, followed by 50 cycles of amplification at
92�C for 15 s and annealing at 60�C for 1 min 30 s. TaqMan Genotyping
Mastermix and all assays were purchased from ThermoFisher Scientific
(Wilmington, DE, USA). Opticon Monitor v.3.1 software (Bio-Rad
Laboratories) was used to obtain allelic discrimination plots and identify
genotypes.

Compliance with Hardy–Weinberg equilibrium was tested through pre-
viously outlined methods.26 Genotypes were coded for regression analyses
as 0"homozygous common allele, 1"heterozygous and 2"homozygous
variant allele. Categorical variables were described using relative frequen-
cies, and continuous variables were described using median and range. The
Shapiro–Wilk test was used to test for normality with P�0.05 considered
statistically significant. A univariate analysis through linear regression was
carried out in order to identify independent variables associated with drug
PK. Variables with P�0.2 for the univariate analysis were carried through to
a linear backwards multivariate analysis where P�0.05 was classed as stat-
istically significant. All statistical analyses were carried out using SPSS
Statistics v.22 (IBM Armonk, NY, USA).

Results

Study population

A total of 25 subjects were screened for the study, and 2 were
excluded as not meeting eligibility criteria. Twenty-three were
enrolled in the study and included in the safety analysis after
receiving at least one drug dose. A total of 21 subjects completed
all three PK assessments and were included in the PK analysis. At
baseline, the mean age was 33 years (range 22–58) and the mean
BMI was 26 kg/m2 (range 19–35). The majority of participants
were female (67%); ethnicity was white (53%) or of African ances-
try (33%).

PK of tenofovir alafenamide/emtricitabine administered
once daily with and without rifampicin and of tenofovir
disoproxil fumarate administered alone

GM (95% CI) of plasma tenofovir alafenamide, plasma tenofovir,
plasma emtricitabine, intracellular tenofovir-DP and emtricitabine-
TP PK parameters measured at each PK visit are illustrated in
Table 1. Plasma concentrations and intracellular GMR (90% CI) of
the main PK parameters are presented in Table 2. Concentration–
time profiles of plasma tenofovir alafenamide, tenofovir, emtricita-
bine and the NRTI metabolites tenofovir-DP and emtricitabine-TP
(in the presence of absence of rifampicin) are shown in Figure 1.

The co-administration of tenofovir alafenamide with rifampicin
decreased plasma tenofovir alafenamide Cmax by 50% and plasma
tenofovir alafenamide AUC0–24 by 55%. Plasma tenofovir Cmax, C24
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and AUC0–24 were reduced by 65%, 55% and 54%, respectively, in
the presence of rifampicin. Intracellular tenofovir-DP Cmax, C24 and
AUC0–24 were decreased by 38%, 43% and 36%, respectively,
when tenofovir alafenamide was co-administered with rifampicin.
However, intracellular tenofovir-DP Cmax, C24 and AUC0–24 GMRs

were 4.40, 4.15 and 4.21, respectively, when tenofovir alafena-
mide was given with rifampicin versus those achieved by a
standard dose of tenofovir disoproxil fumarate without rifampicin.
Intra-individual changes in intracellular AUC0–24 for tenofovir-DP at
each timepoint are shown in Figure 2.
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Plasma emtricitabine and intracellular emtricitabine-TP param-
eters did not change significantly in the presence of co-
administered rifampicin.

Plasma concentrations of tenofovir alafenamide, tenofovir and
emtricitabine and intracellular concentrations of tenofovir-DP and
emtricitabine-TP measured at days 7, 14, 21 and 28 were stable
(Figure 3) and confirmed that all study subjects’ drug concentra-
tions had achieved steady state by the time that full 24 h PK
assessments were undertaken. GM tenofovir-DP C24 measured
was 589.0, 650.0, 558.6 and 653.4 fmol/106 cells at days 7, 14, 21
and 28, respectively, when subjects were administered tenofovir
alafenamide/emtricitabine (P"0.78). At days 35, 42, 49 and 56
during tenofovir alafenamide/emtricitabine plus rifampicin admin-
istration GM tenofovir-DP C24 concentrations were 445.2, 370.6,
289.9 and 323.6 fmol/106 cells (P"0.05), respectively. Finally, dur-
ing tenofovir disoproxil fumarate intake, GM tenofovir-DP was
126.5, 91.8, 73.3 and 96.7 fmol/106 cells at days 63, 70, 77 and 84,
respectively (P"0.26)

Pharmacogenetics

All patients were included within the pharmacogenetic analysis
(n"21). All polymorphisms were in Hardy–Weinberg equilibrium.
Through linear regression analysis CYP3A4*22 522-191C.T
(rs35599367) was significantly associated with log10 tenofovir

alafenamide plasma AUC at visit day 56 (P"0.033, b"0.25), with a
39% difference in tenofovir alafenamide AUC between homozy-
gous CC (n"17) and heterozygous CT (n"4) individuals. Within our
population no subjects possessed the homozygous variant geno-
type for CYP3A4*22 522-191C.T.

Safety and tolerability

Overall, tenofovir alafenamide/emtricitabine without and with ri-
fampicin and tenofovir disoproxil fumarate were well tolerated by
the study participants. Two subjects prematurely discontinued the
study: one was withdrawn while on tenofovir alafenamide/emtrici-
tabine alone owing to transient increase in ALT �8%upper limit of
normal, likely related to alcohol intake and unlikely to be related to
the investigational products; another subject withdrew consent
owing to the onset of grade 2 rifampicin-related gastrointestinal
symptoms. No other grades 3–4 AEs, serious AEs or deaths were
reported.

Discussion

We evaluated for the first time, to our knowledge, the administra-
tion of 25 mg of tenofovir alafenamide co-formulated with
200 mg of emtricitabine daily with rifampicin in healthy volunteers.
We found that rifampicin co-administration with tenofovir

Table 2. Plasma tenofovir, tenofovir alafenamide, emtricitabine and intracellular tenofovir diphosphate and emtricitabine triphosphate GMRs of the
main PK parameters following administration of 25/200 mg of tenofovir alafenamide/emtricitabine once daily with and without rifampicin and
300 mg of tenofovir disoproxil fumarate administered alone

PK parameter

TFV GMR (90% CI)

TAF/FTC!RIF versus TAF/FTC TDF versus TAF/FTC TAF/FTC!RIF versus TDF

Cmax 0.35 (0.30–0.42) 13.57 (11.98–15.36) 0.03 (0.02–0.03)

C24 0.45 (0.42–0.50) 7.15 (6.56–7.79) 0.06 (0.06–0.07)

AUC0–24 0.46 (0.40–0.52) 11.10 (9.96–12.36) 0.04 (0.04–0.04)

TAF GMR (90% CI) FTC GMR (90% CI)

TAF/FTC/RIF versus TAF/FTC TAF/FTC/RIF versus TAF/FTC

Cmax 0.50 (0.42–0.61) 1.01 (0.90–1.14)

C24 – 0.70 (0.61–0.79)

AUC0–24 0.45 (0.33–0.60) 0.99 (0.90–1.08)

TFV-DP GMR (90% CI)

TAF/FTC!RIF versus TAF/FTC TAF/FTC versus TDF TAF/FTC!RIF versus TDF

Cmax 0.62 (0.52–0.74) 7.14 (5.0–10) 4.40 (3.09–6.27)

C24 0.57 (0.47–0.71) 7.14 (5.26–10) 4.15 (2.89–5.94)

AUC0–24 0.64 (0.54–0.75) 6.67 (4.35–10) 4.21 (2.98–5.95)

FTC-TP GMR (90% CI)

TAF/FTC/RIF versus TAF/FTC

Cmax 0.99 (0.85–1.15)

C24 0.87 (0.71–1.07)

AUC0–24 1.03 (0.86–1.24)

TFV, tenofovir; TAF, tenofovir alafenamide; FTC, emtricitabine; TFV-DP, tenofovir diphosphate; FTC-TP, emtricitabine triphosphate; RIF, rifampicin; TDF,
tenofovir disoproxil fumarate.
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alafenamide/emtricitabine resulted in significantly reduced
plasma concentrations of tenofovir alafenamide and tenofovir,
and the intracellular tenofovir-DP AUC0–24 was 36% lower than
when tenofovir alafenamide/emtricitabine was co-administered
without rifampicin. However, the intracellular concentrations of
tenofovir-DP achieved when rifampicin was added to tenofovir ala-
fenamide/emtricitabine were still .4-fold higher than those
reached by tenofovir disoproxil fumarate administered alone,
which has been the standard of care for many years.

Tenofovir alafenamide is a novel pro-drug of tenofovir that has
proved to be an efficacious component of ARV combinations, is
well tolerated, and provides some benefits to certain patients in
terms of bone and renal toxicity. Owing to its improved access into
cells and unique activation mechanism, tenofovir alafenamide
produces higher concentrations of the pharmacologically active
intracellular metabolite tenofovir-DP compared with tenofovir dis-
oproxil fumarate.27,28 Once tenofovir alafenamide is absorbed and
reaches the blood circulation, it enters HIV target cells and after
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diphosphorylation is converted into the active metabolite tenofovir-
DP, which is responsible for tenofovir antiviral activity. Owing to its
greater stability in plasma compared with tenofovir disoproxil fumar-
ate, the intracellular concentrations of tenofovir-DP achieved by
tenofovir alafenamide have been shown to be 7-fold higher than
those achieved by tenofovir disoproxil fumarate.27 These observa-
tions were confirmed by our study, where we found intracellular
concentrations of tenofovir-DP to be 6.67-fold higher when tenofovir
alafenamide was given without rifampicin compared with tenofovir
disoproxil fumarate. As a consequence of these beneficial character-
istics as compared with tenofovir disoproxil fumarate, tenofovir ala-
fenamide is likely to be used more widely in high-income countries,
and eventually as part of first-line ARV therapy in low- and middle-
income countries, where HIV/TB co-infection is common.29

Tenofovir alafenamide is a substrate of the drug efflux transporters
P-gp and BCRP, but it is not an inhibitor or inducer of CYP3A4 in vivo.13,18

A dose adjustment of tenofovir alafenamide from 25 to 10 mg is
required in many settings when co-administered with drugs that po-
tently inhibit CYP3A4 or P-gp, such as cobicistat and ritonavir.18,20

Interestingly, in our study, we observed that the tenofovir alafe-
namide Cmax was the PK parameter that was most affected by
rifampicin co-administration, as it was reduced by up to 65%.
Tenofovir AUC0–24 and C24 were decreased by rifampicin co-
administration to a lesser extent, by 54% and 55%, respectively,
both consistent with reduced tenofovir alafenamide bioavailability.
These observations support our hypothesis that rifampicin acts
mainly via reducing tenofovir alafenamide intestinal absorption ra-
ther than increasing tenofovir alafenamide clearance.

The mechanism behind the impaired absorption of tenofovir
alafenamide is potentially explained by the rifampicin-mediated
activation of xenobiotic nuclear receptors such as PXR and CAR
that affect expression of drug transporters such as P-gp, known to
be involved in tenofovir alafenamide disposition. PXR is mainly
expressed in intestinal and hepatic cells, and only to a minor extent
in the kidneys.30 The rifampicin-mediated P-gp induction via PXR
would therefore mainly affect tenofovir alafenamide intestinal ab-
sorption without compromising renal clearance. Quantification of
tenofovir excretion in the urine would confirm this hypothesis;
however, this parameter was not assessed in our study. Another
limitation is that this study was undertaken in HIV-negative indi-
viduals; this is because there are no existing data on tenofovir ala-
fenamide administered daily with rifampicin and therefore it
would not have been safe to enrol PLWH with TB before the exist-
ence of Phase I data confirming that it might be safe to co-
administer tenofovir alafenamide daily and anti-TB treatment.

Importantly, both European and North American health
authorities base their recommendation on whether a drug can be
co-administered with tenofovir alafenamide on tenofovir alafena-
mide plasma concentrations only, without taking into account the
intracellular metabolites that exert the ARV activity. Therefore,
products that induce P-gp activity (e.g. rifampicin, rifabutin, carba-
mazepine, phenobarbital) that are expected to decrease the absorp-
tion of tenofovir alafenamide and to decrease plasma concentration
of tenofovir alafenamide are contraindicated. However, our study
showed that the intracellular concentrations of tenofovir-DP are def-
initely above those that have been demonstrated to be effective
against HIV replication and our data will need confirmation in PLWH
and those co-infected by TB to confirm the applicability of using
25 mg tenofovir alafenamide once a day with rifampicin.

Conversely, when tenofovir alafenamide is co-administered
with the P-gp inhibitor cobicistat, its concentration increases and a
dose reduction of tenofovir alafenamide from 25 to 10 mg once
daily is warranted in many settings. No data are available, how-
ever, regarding the co-administration of rifampicin and tenofovir
alafenamide with cobicistat, as the latter is contraindicated with ri-
fampicin because it is a victim of rifampicin metabolic induction.18

We also found that rifampicin had no impact on plasma emtri-
citabine or intracellular concentrations of its active metabolite
emtricitabine-TP, consistent with the fact that emtricitabine is not
thought to be a substrate of P-gp or other intestinal transport pro-
teins induced by rifampicin. Our data support the recommendation
that no emtricitabine dose adjustment is needed when co-
administered with rifampicin.31

Changes in the main PK parameters following introduction of ri-
fampicin were not linked to genetic polymorphisms in drug dispos-
ition genes, with the exception of CYP3A4*22, which was linked to
higher tenofovir alafenamide plasma AUC at visit day 56. As teno-
fovir alafenamide is minimally metabolized by CYP3A4 and
CYP3A4*22 has been shown to result in reduced CYP protein levels
and function,18,32,33 this relationship is most likely caused by reduced
tenofovir alafenamide metabolism in patients heterozygous for
CYP3A4*22, resulting in higher plasma concentrations. However, this
is an extremely small study population for genetic analysis, correc-
tion for multiple comparison was not conducted, patient demo-
graphic data such as age and weight were not included and the
association was only observed at day 56. Therefore, the link between
tenofovir alafenamide plasma concentration and CYP3A4*22 should
be confirmed in larger studies with appropriate sample size.

Conclusions

We studied for the first time the PK of tenofovir alafenamide fol-
lowing administration of 25/200 mg of tenofovir alafenamide/
emtricitabine daily with rifampicin. Although rifampicin led to
lower plasma concentrations of tenofovir alafenamide and teno-
fovir, the intracellular concentrations of the tenofovir active me-
tabolite were still higher compared with those achieved by the
approved dose of tenofovir disoproxil fumarate administered
alone in the same individuals. Anti-HIV potency of both tenofovir
alafenamide and tenofovir disoproxil fumarate is determined by
the concentrations achieved in HIV-target cells of the active me-
tabolite tenofovir-DP. Therefore, dose adjustment of tenofovir ala-
fenamide when co-administered with rifampicin may not be
necessary even if the plasma concentrations of tenofovir alafena-
mide and tenofovir are reduced. Our findings in healthy volunteers
support further clinical evaluation of tenofovir alafenamide/emtri-
citabine with rifampicin in PLWH co-infected with TB.
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