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Brief Report: No Difference in Urine Tenofovir Levels in Patients
Living with HIV on Unboosted vs Dose-Adjusted Boosted
Tenofovir Alafenamide

Kelly A. Johnson?, Hideaki Okochil, David V. Glidden?, Monica Gandhil, Matthew Spinellil
1Department of Medicine, University of California San Francisco, San Francisco, CA

2Department of Epidemiology & Biostatistics, University of California San Francisco, San
Francisco, CA

Abstract

Background: Tenofovir alafenamide (TAF) is increasingly used in HIV treatment, with or
without agents that require pharmacologic boosters like ritonavir/cobicistat. Boosters increase TAF
levels, so the TAF dose is lowered in single pill combinations. We hypothesized that individuals on
dose adjusted boosted TAF would have similar urine tenofovir (TFV) concentrations to those on
unboosted TAF.

Setting/Methods: We collected urine samples from patients with HIV on TAF with evidence
of virologic suppression and high self-reported adherence at two San Francisco clinics from
June 2019-January 2020. We measured urine TFV levels by liquid chromatography/tandem mass
spectrometry and used linear regression to compare natural log-transformed urine TFV levels for
patients on boosted versus unboosted TAF.

Results: Our analysis included 30 patients on unboosted TAF (25mg daily) and 15 on boosted
TAF (12 on 10mg daily TAF, 3 on 25mg). Patients on unboosted vs. boosted TAF had similar
baseline age, weight, gender, and creatinine. In unadjusted univariate linear regression, there were
no significant differences in urine TFV levels based on presence/absence of boosting following
TAF dose-reduction to 10mg [geometric mean ratio 1.07; 95% ClI: 0.53-2.16]. This finding was
unchanged in adjusted analysis.

Conclusions: No significant differences in urine TFV levels were seen for patients on unboosted
vs. boosted dose reduced TAF. These results have important implications for our forthcoming
point-of-care urine immunoassay for TAF, implying that separate adherence cut-offs will not be
necessary for patients on boosters and dose-reduced TAF. A single POC TAF immunoassay will
thus support monitoring on most TAF-based antiretroviral therapy.

Corresponding author: Kelly A. Johnson, MD, MPH; 513 Parnassus Ave., Rm S380, San Francisco CA, 94143; 757.725.3254;
kjohnson@ucsf.edu. Alternate corresponding author: Matthew Spinelli, MD, MAS; 995 Potrero Ave, Building 80, Ward 84, San
Francisco, CA 94110; 201.247.9124; matthew.spinelli@ucsf.edu.

Conflicts of Interest:
Dr. D. Glidden has accepted funds from Gilead Sciences.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Johnson et al.

Keywords

Page 2

Adherence; Point-of-care Monitoring; Anti-retroviral therapy; Tenofovir Alafenamide;
Pharmacokinetics

Background:

For people living with HIV, virologic suppression and disease control rely on adherence,
currently to daily antiretroviral therapy (ART), to achieve optimal efficacy. Both pre-
exposure prophylaxis (PrEP) and HIV treatment as prevention — the concept that
undetectable HIV viral load equals untransmittable virus?= — require adequate adherence
and are key strategies for ending the HIV epidemic.

ART adherence could be supported by point-of-care (POC) testing of drug levels to provide
real-time feedback — particularly in settings where frequent HIV viral load monitoring may
not be feasible and/or where adherence data could inform clinical counseling messages or
prompt adherence interventions when necessary. Studies have shown that such objective
pharmacologic metrics of adherence — with drug levels measured in biomatrices such as
dried blood spots (DBS), plasma, hair or urine — more accurately predict antiretroviral
efficacy than self-report, which is subject to limitations such as social desirability and recall
biases.”-12

Traditional pharmacologic adherence metrics typically rely on liquid chromatography/
tandem mass spectrometry (LC-MS/MS), which requires specialized equipment, personnel,
and is expensive.l However, we previously developed and validated a low-cost, easy-to-
perform, rapid turnaround antibody-based assay to measure urine levels of the metabolite
tenofovir (TFV) as a short-term metric of adherence in patients taking the antiretroviral
tenofovir disoproxil fumarate (TDF).13-15 When tested against the analytic gold standard
LC-MS/MS, this assay has been found to be highly sensitive and specific (97-99%)! with a
high degree of correlation between the two techniques (0.92, p<0.001).14 The enzyme-linked
immunoassay has now been converted to a lateral flow assay (LFA), similar to a urine
pregnancy test, allowing POC testing of the presence or absence of recent TDF dosing
(providing a qualitative yes/no response as to whether TDF has been taken within the last
five days), thereby supporting real-time adherence feedback in routine clinical settings and
at the patient bedside.113

An alternate tenofovir prodrug, tenofovir alafenamide (TAF), is now commonly used in
HIV treatment regimens and has been recently approved as a component of PrEP in

certain populations.18 TDF is metabolized to TFV in the gut and plasma, whereas TAF

is metabolized to TFV in the peripheral blood mononuclear cells; both are concentrated/
excreted in the urine.1”.18 Because TAF is primarily metabolized intracellularly, TFV levels
in the plasma are approximately 90% lower with TAF than with TDF.19 Urine levels are also
expected to be lower18.20— necessitating separate adherence cut-offs with our forthcoming
urine immunoassay for use in patients on TAF.
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In HIV treatment regimens, TAF is typically dose reduced from 25 mg to 10 mg when
given in single pill combinations with cobicistat, a pharmacologic booster which increases
the levels of TAF and its metabolites. Ritonavir is also a booster but its use may become
less common, as it has not been coformulated in single pill regimens.2? In this study,

we hypothesized that individuals on dose-adjusted/reduced TAF with boosting would have
similar urine TFV concentrations compared to those on unboosted TAF, a finding with
important implications for the implementation of point-of-care urine immunoassays for use
in patients living with HIV on TAF-based ART.

Settings/Methods:

Results:

We collected urine samples from patients living with HIV receiving primary care services
at two San Francisco clinics from June 2019-January 2020. Interested participants were
recruited via flyers and met with a study coordinator to: (1) determine eligibility for

this study, (2) if eligible, answer a questionnaire regarding self-reported ART adherence
(including number of ART doses missed, percentage of the time antiretrovirals were taken in
the last 7 days, and number of days since last ART dosing), and (3) provide a urine sample.
Patients were considered eligible if they were: at least 18 years old, on TAF-based ART by
self-report and medical record, able to give written informed consent in English, and able
to provide at least one ounce of urine. We measured urine TFV levels by LC-MS/MS in
the Hair Analytical Laboratory at the University of California San Francisco (UCSF) using
methods validated in house for urine and akin to those previously published for hair.14:15.22

We also reviewed each study participant’s electronic medical record to confirm their ART
regimen — including TAF dose (25 mg vs 10 mg) and presence/absence of pharmacologic
booster — and to collect additional clinical variables (all at or around the time of urine
sample collection) such as age, gender, weight, creatinine (most recent within six months
before or after urine collection), and HIV viral load (most recently documented viral

load around urine sample collection). We restricted this analysis to patients with viral
suppression (most recent HIV RNA <200 copies/ml) who also self-reported high adherence
to ART, including having taken their antiretrovirals within the last 24 hours, on the study
questionnaire.

In both unadjusted and adjusted models, we used linear regression to compare natural log-
transformed urine TFV levels for patients on TAF plus a booster to those on unboosted TAF.
Baseline clinical characteristics were compared for patients on boosted versus unboosted
TAF using XZ or Fisher exact testing for categorical variables and Wilcoxon rank-sum test
for continuous variables. All statistical analyses were performed using STATA version 16.0.
This study was reviewed and approved by the Institutional Review Board of UCSF.

After excluding patients (n=3) whose most recent HIV viral load around the time of urine
sample collection was >200 copies/ml, our analysis included one sample each from 30
patients on unboosted TAF (25 mg daily) and 15 on boosted TAF (12 on 10 mg daily TAF,
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3 on 25 mg). Cobicistat was the most frequently used booster, with only one patient on a
ritonavir-containing regimen with TAF at 25 mg.

Patients on unboosted vs. boosted TAF (Table 1) were similar in baseline median age (56 vs
54 years p=0.69), weight (84 vs 80 kg; p=0.47), creatinine (1.1 vs 1.0 mg/dL; p=0.21), and
gender (83% and 80% cis male; p=0.85). There was one transgender female (assigned male
sex at birth) and one transgender male (assigned female sex at birth), both of whom were in
the unboosted TAF group and neither of whom was on hormone replacement therapy. The
median (IQR) urine TFV levels by LC-MS/MS were 4.14 (2.03, 6.56) and 4.27 ug/mL (2.73,
5.51) in the unboosted and boosted TAF groups, respectively.

In unadjusted univariate linear regression (Supplemental Table 1), there were no statistically
significant differences in urine TFV levels based on presence/absence of a booster following
TAF dose-reduction to 10 mg [geometric mean ratio (GMR) 1.07; 95% CI: 0.53-2.16]. This
finding was unchanged in adjusted analysis accounting for sex assigned at birth (with male
sex as the reference category), age, creatinine, and weight [GMR 1.10; 95% ClI: 0.53-2.28
(Table 2)].

Due to the smaller sample size (with only three patients falling into this category), we cannot
exclude a clinically significant increase in urine TFV levels in the boosted TAF 25 mg group
(GMR 1.46; 95% ClI: 0.41- 5.12).

Discussion/Conclusions:

We found no clinically significant differences in urine tenofovir levels for patients on
unboosted (25 mg) vs cobicistat-boosted dose-reduced TAF (10mg). This finding mirrors
what is seen in the plasma, where boosted 10 mg TAF and unboosted 25 mg TAF produce
similar plasma TFV exposures, 2324 eading to Food and Drug Administration approval for
a TAF dose of 10 mg when co-formulated with cobicistat in the single pill regimens of
elvitegravir / cobicistat / emtricitabine / tenofovir alafenamide2® and darunavir / cobicistat /
emtricitabine / tenofovir alafenamide.26

Our results have important implications for our forthcoming POC immunoassay for TAF,
implying that separate adherence cut-offs will not be necessary for patients on boosted
TAF with dose reduction compared with patients on unboosted 25 mg TAF. A single POC
TAF urine immunoassay will thus support adherence monitoring for patients on TAF-based
PrEP and most TAF-based ART, whether at the standard 25 mg unboosted dose or the
cobicistat-boosted 10 mg dose.

Such real-time adherence monitoring and feedback via drug level measurement will be
clinically useful for patients living with HIV, most of whom are on tenofovir based
regimens, particularly in settings where routine or frequent viral load monitoring and/or
resistance testing may not be feasible. In a recent South Africa study of HIV positive
persons on second line lopinavir (LPV)-based ART, for instance, most cases of virologic
failure were attributable to non-adherence — demonstrated by undetectable LPV levels in
plasma and DBS — as opposed to drug resistance mutations. No patients with undetectable
LPV plasma levels were found to have LPV resistance by genotypic analysis.2’ This
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finding suggests that strategies to objectively measure adherence could prove invaluable

in determining when virologic failure in patients with HIV is more likely due: (A) to
non-adherence, prompting adherence support or interventions, or (B) to drug resistance
mutations, prompting resistance testing and/or switch to an alternative treatment regimen.2”

Even in settings where viral load monitoring and resistance testing are more readily
available and/or affordable, regular POC drug level testing, with subsequent adherence
support where needed, could lead to higher rates of virologic suppression among patients
with HIV facing adherence challenges.! Our present research implies that two POC urine
immunoassays — one for TAF and another for TDF — could support such adherence
monitoring in real-time for patients on tenofovir-based antiretrovirals.

Limitations of our study include the lack of directly-observed-therapy to confirm recent
TFV exposure at the time of urine sample collection. All patients in this analysis, however,
reported excellent ART adherence and had documented HIV viral loads <200 copies/ml by
chart review. We were unable to measure pharmacokinetic parameters, as timed washout
studies were not feasible in this population taking daily ART for HIV treatment. Lastly, due
to the small sample size among patients taking 25 mg TAF plus a booster (with only three
patients in this group), we are unable to exclude a clinically significant increase in urine
TFV levels in these participants.

In conclusion, our future POC urine immunoassays for TDF and now TAF have the potential
to serve as important clinical tools, providing real-time adherence feedback to providers

and patients in routine clinical settings, thereby informing patient/provider communication,
counseling messages, and adherence support interventions. In the case of the TAF POC
assay, efforts are currently underway to establish the TFV cut-offs that reliably predict recent
TAF exposure. This current study shows that the same TAF assay can be used for those

on dose-adjusted boosted and unboosted TAF. Future studies will explore the correlation of
urine TFV levels via our immunoassay with viremic control in patients on TAF-based ART
and real time adherence monitoring for those on TAF-based antiretrovirals.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Baseline Characteristics and Urine Tenofovir (TFV) Levels in People Living with HIV with Virologic

Table 1:

Suppression on Tenofovir Alafenamide (TAF)-based Antiretroviral Therapy

No Booster Booster
Number of Patients 30 15
Age (years), median (IQR) 56 (45, 61) 54 (47, 60)
Gender
Cis Female | 3 (10%) 3(20%)
Cis Male | 25 (83%) 12 (80%)
Transgender Male | 1 (3%) 0 (0%)
Transgender Female | 1 (3%) 0 (0%)
Weight (kg), median (IQR) 83.9(73.5,96.7) | 79.9(73.9, 85.7)
Creatinine (mg/dL), median (IQR) 1.1(0.9-1.3) 1.0 (0.9-1.2)
TAF dose
10mg | 0 (0%) 12 (80%)
25mg | 30 (100%) 3 (20%)

LC-MS/MS results (urine TFV level, pg/mL), median (IQR)

4.14 (2.03, 6.56)

4.27 (2.73,5.51)

Abbreviation: LC-MS/MS = liquid chromatography/tandem mass spectrometry
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Adjusted Linear Regression Analysis for Boosted vs. Unboosted Tenofovir Alafenamide (TAF) and Urine

Tenofovir Levels by LC-MS/MS in People Living with HIV with Virologic Suppression on TAF-based

Antiretroviral Therapy

Variable Geometric | Standard | 95% P-value
mean ratio | Error Confidence
Interval
TAF dose
Unboosted TAF (25 mg) reference - -- --
Boosted TAF (10 mg) 1.10 0.36 0.53-2.28 0.80
Boosted TAF (25 mg) 1.46 0.62 0.41-5.12 0.55
Creatinine (mg/dL) 1.32 0.61 0.38-4.56 0.65
Age per ten years 0.82 0.14 0.62- 1.08 0.16
Sex assigned at birth * 135 0.34 0.68-2.70 | 0.38
Natural log-transformed weight in kilograms | 0.57 0.73 0.13-2.51 0.45

*
Reference group: male sex assigned at birth

Abbreviation: LC-MS/MS = liquid chromatography/tandem mass spectrometry
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