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Abstract

Background: Urine provides a minimally invasive specimen that may allow for development of
rapid tests to detect antiretroviral drugs and provide opportunities to improve individual
adherence. This study sought to determine whether urine could provide a biomarker of adherence
for currently approved pre-exposure prophylaxis and HIV treatment regimens.

Methods: Urine and blood were collected from 34 HIV-negative men who have sex with men
aged 18-49 years, enrolled in a clinical trial comparing 2 antiretroviral regimens. Specimens were
collected 4 and 24 hours after a single oral dose of tenofovir disoproxil fumarate (TDF)/
emtricitabine (FTC) (n = 10) or tenofovir alafenamide (TAF)/FTC/cobicistat (COBI)/elvitegravir
(EVG) (n = 8), or after 4 and 10 days of daily oral TDF/FTC (n = 9) or TAF/FTC/ COBI/EVG (n
= 7). Tenofovir (TFV), FTC, and EVG were measured by high-performance liquid
chromatography-mass spectrometry.

Results: Median urine FTC concentrations at 4 and 24 hours were similar between men
receiving TDF/FTC (4 hours 147 pg/mL,; 24 hours 10 pg/mL) and men receiving TAF/FTC/
COBI/EVG (4 hours 333 ug/mL, £=0.173; 24 hours 13 pg/mL, P=0.681). Median urine TFV
concentrations were lower among men receiving TAF/FTC/COBI/EVG (4 hours 1.2 pg/mL; 24
hours 0.8 ug/mL) compared with men receiving TDF/FTC (4 hours 17 ug/mL, £< 0.001; 24 hours
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7 ug/mL, £=0.001). Urine TFV concentrations remained reduced among men receiving
TAF/FTC/COBI/EVG compared with men receiving TDF/FTC after daily dosing. EVG was not
consistently measurable in urine.

Conclusions: High urine FTC and TFV concentrations could provide an indication of adherence
to daily oral dosing with TDF or TAF-based regimens used for treatment and prevention.
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INTRODUCTION

Daily oral dosing with tenofovir disoproxil fumarate (TDF) and emtricitabine (FTC) is
highly effective at preventing HIV infection and efficacy is strongly correlated with
adherence.13 All currently approved antiretroviral (ARV) drug regimens for treatment of
HIV infection require adherence to daily dosing regimens for effective control of viremia
and prevention of the emergence of ARV-resistance*-8 Existing subjective methods to
determine adherence such as self-report and pill count are considered unreliable.”®
Therefore, assays that rapidly assess adherence using minimally invasive specimens could be
used in clinical settings for immediate feedback and behavioral interventions to improve
adherence among persons using ARVSs for treatment or prevention.

Intracellular metabolites of tenofovir (TFV) and FTC in dried blood spots (DBS) correlate
with adherence and protective efficacy among persons receiving TDF/FTC as pre-exposure
prophylaxis (PrEP) in clinical trials.19-12 Likewise, hair drug concentrations correlate with
cumulative exposure to ARVs.13-17 However, analysis of DBS and hair are often not
collected in clinical settings and require specialized and time-consuming mass spectrometry
assays generating results that do not reflect recent ARV exposure.18 Urine provides a
minimally invasive specimen that could be amenable to development of rapid tests for ARV
adherence. Previous studies showed urine TFV concentrations are more predictive of PrEP
adherence than plasma and urine FTC concentrations correlated with those found in plasma.
19-22 |_ow urine TFV concentrations were also associated with seroconversion among
persons receiving PrEP.23 Although not a rapid test, real-time mass spectrometry analysis of
urine TFV has been used to provide a measurement of adherence in some clinical settings.
19.20 Therefore, defining urine ARV concentrations reflecting adherence to daily dosing
regimens will provide guidance for development of rapid tests measuring adherence.

Previous reports focused on urine TFV as a measure of adherence to TDF/FTC PrEP
regimens; thus, data on additional classes of ARVs are lacking. Furthermore, treatment
regimens are replacing TDF with tenofovir alafenamide (TAF) to reduce systemic TFV
concentrations and unwanted toxicity with continued use, which may affect urine-based
measures of TFV. This study analyzed urine and blood drug concentrations among HIV-
negative men who have sex with men (MSM) receiving a single dose or daily dosing with
TDF/FTC or a currently approved HIV treatment regimen containing TAF and the integrase
inhibitor elvitegravir (EVG) to define ARV concentrations indicating adherence to treatment
and prevention regimens.
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METHODS

Study Design

This study was funded by the US Centers for Disease Control and Prevention (CDC) and
approved by Emory University and CDC Institutional Review Boards. This study analyzed
specimens collected during a trial registered at clinicaltrials.gov (NCT02985996) and
written informed consent was obtained from all study participants. Thirty-four HIV-negative
MSM between the ages of 18-49 were enrolled in a nonblinded, randomized 2-arm clinical
trial at the Emory Hope Clinic (Atlanta, GA) (February-November 2017) to receive either
TDF/FTC or TAF/FTC/COBI/EVG. Participants in each arm were randomized to receive an
observed single oral dose of the indicated drug regimen (TDF/FTC n = 10, TAF/FTC/
COBI/EVG n = 8) or daily oral dosing for 10 days (TDF/FTC n =9, TAF/FTC/COBI/EVG n
= 7). Urine and peripheral blood specimens were collected at 4 and 24 hours after a single
dose, or at 4 and 10 days after initiation of self-administered daily dosing. Daily dosing time
points were used to determine whether accumulation of analytes in urine occurs with
subsequent dosing. Participants provided adherence to daily dosing through self-report.
Blood was collected in sodium citrate cell preparation tubes (Becton Dickinson, Franklin
Lakes, NJ) and separated into plasma and peripheral blood mononuclear cell (PBMC)
fractions by centrifugation. Urine was collected in sterile specimen containers (Thermo
Fisher Scientific, Waltham, MA). One participant receiving TDF/FTC and one receiving
TAF/FTC/COBI/EVG provided specimens at 4 hours, but not at 24 hours after a single dose.
This study conforms to the US Federal Policy for the Protection of Human Subjects.

Laboratory Measurements

FTC, TFV, and EVG concentrations in urine and plasma were measured using high-
performance liquid chromatography-tandem mass spectrometry based on previously
published methodology?425 with a lower limit of quantification for each drug of 10 ng/mL.
Drug concentrations were estimated using a standard curve with a range of 0.5-2000 ng/mL
using the Analyst software (ABSciex, Foster City, CA). Urine specimens were diluted 1:10
or 1:100 in 0.2% formic acid to obtain values within the standard curve. Intracellular TFV
diphosphate (TFV-DP) and FTC triphosphate (FTC-TP) were measured in PBMCs as
previously described with a lower limit of quantification of 20 fmol/10% PBMC (TFV-DP)
and 100 fmol/108 PBMC (FTC-TP).26 Laboratory staff were blinded to study arm
assignments. Urinalysis for protein, blood, leukocytes, nitrite, glucose, ketone, pH, specific
gravity, bilirubin, and urobilinogen was performed using the Multistix 10SG urinalysis strip
(Siemens Healthcare, Norwood, MA) and read using a CLINITEK analyzer (Siemens). Drug
concentrations were compared between study regimens using the Wilcoxon signed-rank test.
Correlations between plasma and urine concentrations, or intracellular PBMC and urine
concentrations, were determined using the Spearman correlation test. Associations between
urine drug concentrations and semiquantitative urinalysis results were examined using
analysis of variance on ranks using the Prism 7 software (GraphPad Software, San Diego,
CA).
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Median urine FTC concentrations at 4 and 24 hours after a single observed dose were
consistent among men receiving TDF/FTC (4 hours: 146,875 ng/mL; 24 hours: 10,045
ng/mL) compared with men receiving TAF/FTC/COBI/EVG (4 hours: 333,250 ng/mL, P=
0.173; 24 hours: 12,800 ng/mL, = 0.681) (Fig. 1). Urine FTC concentrations were
significantly lower at 24 hours compared with 4 hours for men receiving both regimens (P <
0.001). Median urine TFV concentrations were reduced more than 8-fold at both 4 and 24
hours among men receiving TAF/FTC/COBI/EVG (4 hours: 1207 ng/mL; 24 hours: 805
ng/mL) compared with men receiving TDF/FTC (4 hours: 17,287 ng/mL, P< 0.001; 24
hours: 6628 ng/mL, £=0.001) (Fig. 1). Median urine TFV concentrations were reduced at
24 hours compared with 4 hours for men receiving TDF/FTC (£ = 0.025), but not for men
receiving TAF/FTC/COBI/EVG (P> 0.200). EVG was only detected in 7/15 urine
specimens from men receiving a single dose of TAF/FTC/COBI/EVG (Fig. 1).

Minimum values indicating adherence to daily dosing were calculated as 80% of the lowest
urine FTC concentration (1844 ng/mL) observed 24 hours after a single dose to account for
20% assay variability using mass spectrometry methods. TFV values indicating daily dosing
adherence were calculated according to the regimen (TDF/FTC: 2424 ng/mL; TAF/FTC/
COBI/EVG: 126 ng/mL). Urine collected after 4 and 10 days of daily dosing with TDF/FTC
or TAF/FTC/COBI/EVG was evaluated for adherence based on the above values. Urine FTC
concentrations from all men receiving daily dosing indicated adherence to FTC-containing
regimens (Fig. 2A). Although 15/18 specimens collected from men receiving TDF/FTC
contained TFV concentrations indicating adherence according to values determined by a
single dose of TDF/FTC, only 2/14 specimens collected from men receiving TAF/FTC/
COBI/EVG contained TFV concentrations greater than 2424 ng/mL (Fig. 2B). All urine
specimens collected from men receiving daily dosing contained TFV concentrations
indicating adherence according to values determined by a single dose of TAF/FTC/
COBI/EVG (Fig. 2B). Urine TFV concentrations remained reduced among men receiving
TAF/FTC/COBI/EVG compared with men receiving TDF/FTC after 4 days (P=0.021) and
10 days (= 0.016) of daily dosing. EVG was only detectable in 8/14 specimens collected
from men receiving daily dosing of TAF/FTC/COBI/EVG (Fig. 2).

Urine FTC concentrations in specimens from all study participants at all visits were highly
correlated with those measured in plasma (r = 0.766, £< 0.0001) (see Figure, Supplemental
Digital Content, http://links.lww.com/QAI/B354). Neither urine TFV (r = 0.238, £> 0.15)
nor EVG (r = 0.276, P> 0.29) concentrations correlated with corresponding plasma
concentrations (see Figure, Supplemental Digital Content, http:/links.lww.com/QAI/B354).
Urine FTC concentrations correlated weakly with FTC-TP concentrations in PBMCs among
men receiving either dosing regimen (r = 0.271, £=0.029). Urine TFV concentrations
correlated with TFV-DP concentrations in PBMCs among men receiving TAF/FTC/
COBI/EVG (r =0.491, P=0.007), but not among men receiving TDF/FTC (r = -0.022, P>
0.500) (data not shown).

Among men receiving daily dosing, increased urine FTC concentrations were associated
with higher urine specific gravity (P=0.022) among men receiving both regimens (see
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Figure, Supplemental Digital Content, http://links.lww.com/QAI/B354). TFV concentrations
among specimens collected from men receiving TDF/FTC (P = 0.039), but not from men
receiving TAF/FTC/COBI/EVG, were associated with specific gravity (£> 0.12) (see
Figure, Supplemental Digital Content, http://links.lww.com/QAI/B354). ARV
concentrations were not significantly associated with urine total protein, hemoglobin,
leukocyte esterase, nitrite ion, glucose, aceto-acetic acid (ketone), pH, bilirubin, or
urobilinogen (data not shown).

DISCUSSION

Development of rapid minimally invasive tests for adherence to daily dosing with ARV
regimens could allow health care workers to assess adherence, thus providing opportunities
to improve adherence through immediate behavioral interventions. In this study, we assessed
urine ARV concentrations after a single dose and daily dosing with the currently approved
PrEP regimen (TDF/FTC) or an approved HIV treatment regimen (TAF/FTC/COBI/EVG).
EVG was not consistently detectable in urine of men receiving EVG, which is unsurprising,
as EVG is not cleared primarily through the kidneys.2” However, FTC and TFV are
routinely measured at high concentrations in urine from men receiving FTC in combination
with either TDF or TAF, suggesting they provide potential markers of adherence and are
good targets for development of rapid assays for adherence.

Urine FTC concentrations were routinely measured at pug/mL concentrations suggesting
assays detecting FTC in urine may not need to be extremely sensitive to provide valuable
information. Although urine FTC concentrations declined substantially from 4 to 24 hours
after a single dose, concentrations among men receiving daily dosing were consistent with
adherence. In addition, urine and plasma FTC concentrations were highly correlated in this
study and a previous one suggesting urine FTC could provide a surrogate measure for
plasma FTC concentrations and may result from the combination of a short plasma half-life
and a rapid clearance through urine.28 Together, these results suggest FTC may be amenable
to development of an assay to measure urine that accurately reflects recent dosing.

Urine TFV has been shown to provide a potential marker for adherence among individuals
receiving TDF/FTC.19-21 |n the results presented here, urine TFV concentrations were
consistently lower among men receiving TAF compared with men receiving TDF, which
could be expected with TAF producing lower concentrations of TFV in plasma.2%-31 Urine
TFV concentrations among men receiving daily TDF/FTC were not consistently above the
lowest values observed 24 hours after a single dose in this study. However, urine TFV
concentrations among all men receiving TDF/FTC were above 1000 ng/mL, a value reported
to indicate dosing within the previous 48-72 hours.1® Urine TFV concentrations observed
here were greater than 1000 ng/mL in only 16/29 specimens collected from participants
receiving TAF/FTC/COBI/EVG, suggesting further studies to define TFV concentrations
representing recent dosing for persons receiving TAF-based regimens.

This study indicates urine FTC and TFV concentrations are amenable to rapid test
development, yet it also has several limitations. This study included a small number of
participants and larger studies are likely to provide more refined urine drug concentrations
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that reflect adherence. This study was performed in HIV-negative MSM, so it is unclear
whether these results can be extended to women or to HIV-positive persons on treatment
regimens. We evaluated urine drug concentrations for TDF/FTC and TAF/FTC/COBI/EVG;
therefore, direct comparisons between urine TFV concentrations among men receiving TDF
and TAF may be affected by the presence of the booster COBI. Future studies comparing
TAF/FTC to TDF/FTC will be able to determine the difference in urine drug concentrations
of TFV with newer TAF-containing regimens. Our observation of associations between urine
FTC and TFV concentrations and urine specific gravity suggests additional biological
factors, such as hydration, may influence urine drug concentrations. However, specific
gravity did not seem to affect the ability of urine drug concentrations to predict recent dosing
in a qualitative or semiquantitative manner. High urine drug concentrations after a single
dose and the lack of drug accumulation after repeat dosing observed here suggest it will be
difficult to use urine to measure cumulative exposure to ARVs and detect “white coat
dosing” among individuals (ie, taking medication only before medical appointments). In
addition, as daily dosing was not observed in this study, it is possible that persons did not
take all doses and we underestimated accumulation of urine drug concentrations. ARV
measures from DBS or hairl0-13.14 will likely provide a better measure of cumulative drug
exposure and studies such as the TARGET study will provide valuable information
regarding the limitations of different minimally invasive methods to measure ARV
adherence.32 Comparison of urine drug concentrations to more established measures of
adherence, such as TFV-DP in DBS or TFV in hair, will provide information regarding the
ability of urine to predict efficacy.

Urine provides a minimally invasive specimen type amenable to development of rapid assays
for FTC and TFV that assess adherence to oral ARV regimens. Development of competitive
immunoassays and lateral flow assays for TFV as well as aptamer sensing technologies to
detect small molecules suggest these methods could be used to provide qualitative or
semiquantitative assays of urine ARVs to evaluate recent exposure to ARVs.33-36 The
combination of urine as a minimally invasive specimen with these new methods could allow
health care workers to rapidly assess recent adherence to ARV regimens and provide
appropriate behavioral interventions to improve individual adherence.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Antiretroviral drug concentrations in urine, 4 and 24 hours after a single oral dose of

TDF/FTC or TAF/FTC/COBI/EVG. FTC, TRV, and EVG concentrations were measured in
urine collected 4 or 24 hours after a single oral dose of the indicated regimen. Median values
are indicated by solid lines. The lower limit of quantification for the assay is indicated by the
dotted line (10 ng/ mL). All P-values were determined for median differences between drug
regimens by Wilcoxon rank sum test.
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FIGURE 2.
Antiretroviral drug concentrations in urine after 4 or 10 days of daily oral dosing with

TDF/FTC or TAF/FTC/COBI/EVG. Urine concentrations of FTC (A), TFV (B), and EVG
(C) are presented for specimens collected after 4 or 10 days of daily oral dosing with
TDF/FTC or TAF/FTC/COBI/EVG. Dashed lines indicate values suggesting adherence and
were determined as 80% of the lowest antiretroviral drug measurement 24 hours after a
single oral dose. The value for FTC was calculated using data from men receiving TDF/FTC
or TAF/FTC/CBOI/EVG (a). Values for TFV were calculated using data from men
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receiving TDF/FTC (B) or TAF/FTC/COBI/EVG (6). The lower limit of quantification for
the assay is indicated by the dotted line (10 ng/mL).
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