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ARTICLE INFO ABSTRACT

Keywords: Background/purpose(s): Data regarding the concentrations of tenofovir-diphosphate (TFV-DP) and emtricitabine-

Me"} who l?ave sex with men triphosphate (FTC-TP) in the Asian population receiving pre-exposure prophylaxis (PrEP) for HIV with tenofovir

Antiretroviral therapy disoproxil fumarate (TDF) and emtricitabine (FTC) (TDF/FTC) are limited, and the associations between the

nucleos(t)ide reverse transcriptase inhibitor o . . .. .

Adherence frequency of TDF/FTC administration and drug concentration among people receiving on-demand PrEP remain
unclear.

Liquid chromatography-mass spectrometry i . . . . .
Methods: Fifty-seven participants receiving daily TDF/FTC and 113 participants receiving on-demand TDF/FTC

were enrolled in this study. The concentrations of TFV-DP and FTC-TP were measured in dried blood spots using
liquid chromatography-mass spectrometry.

Results: Thirty-six (62.2 %) daily PrEP users and 38 (33.6 %) on-demand PrEP users achieved TFV-DP concen-
trations >700 fmol/punch. Higher proportions of undetectable FTC-TP were observed in participants whose TFV-
DP concentrations were <350 fmol/punch, regardless of the frequency of TDF/FTC administration. In partici-
pants who used on-demand PrEP, the TFV-DP and FTC-TP concentrations were moderately correlated with the
TDF/FTC tablets taken when sampling was performed within 12-24 h after the last dose of TDF/FTC (R = 0.63,
p = 0.006 and R = 0.75, p = 0.0005). In addition, on-demand PrEP users who had received 8 tablets within the
last 28 days had a median TFV-DP concentration similar to that of those participants who had received 16 tablets
(544.6 vs. 556.9 fmol/punch, p > 0.99).

Conclusions: These results underscore the importance of well-controlled sampling times for obtaining reliable
TFV-DP and FTC-TP concentrations to estimate the adherence and effectiveness of on-demand PrEP.
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Y.-T. Lin et al.
1. Introduction

Pre-exposure prophylaxis (PrEP) with daily co-formulated tenofovir
disoproxil fumarate and emtricitabine (TDF/FTC) has been approved by
the U.S. Food and Drug Administration (FDA) to prevent HIV infection
among men who have sex with men (MSM) and heterosexual men and
women.' The iPrEx study first reported that daily use of PrEP with
TDF/FTC resulted in a 44 % reduction in HIV acquisition among MSM
and transgender women.” The PROUD study reported that daily PrEP
conferred even greater protection, with an 86 % reduction in HIV
acquisition.® Moreover, the IPERGAY study, which challenged the
concept of daily PrEP, reported similar efficacies between on-demand
and daily PrEP.” On-demand PrEP has a lower pill burden, which is
advantageous for people who find it difficult to use daily PrEP.>°
However, while PrEP is highly effective for HIV prevention, poor
adherence may diminish its effectiveness due to a suboptimal drug
concentration.”

The use of traditional measurements, such as self-reporting, pill
counts, and HIV viral loads, remains a challenge in adherence moni-
toring among people with HIV who receive antiretroviral therapy.® The
determination of drug concentrations may represent an alternative to
adherence measurements. This approach provides an advantage in
predicting efficacy or effectiveness compared to traditional adherence
measurement methods. To date, several studies have attempted to
evaluate the association between the effectiveness of PrEP and the
concentrations of tenofovir-diphosphate (TFV-DP) and
emtricitabine-triphosphate (FTC—TP),2’9'11 which are active metabolites
formed by the respective prodrugs of TDF and FTC.'? Previous studies
have suggested that a TFV-DP concentration >700 fmol/punch in dried
blood spots (DBSs) will be associated with a 100 % reduction in pre-
venting HIV acquisition, while concentrations of 350-700 fmol/punch
provide approximately 90 % protection against HIV acquisition. As few
as 4-7 tablets per week can achieve a TFV-DP concentration >700
fmol/punch.'! In addition, the half-lives of TFV-DP and FTC-TP in DBSs
are 17.1 and 1.5 days, respectively, and their respective concentrations
may be surrogate markers of long-term and short-term adherence,'*'¢
Although clinical data support the use of TFV-DP and FTC-TP concen-
trations in DBSs to assess the effectiveness of PrEP for HIV, such data are
limited in the Asian population.'”

While several clinical studies have reported similar efficacies of on-
demand and daily PrEP for the prevention of HIV infection,”®'%!? it
is unknown whether the concentrations of TFV-DP and FTC-TP reach the
recommended levels for conferring adequate protection in people
receiving on-demand PrEP with TDF/FTC. A previous study estimated
the number of tablet taken using TFV-DP concentrations among par-
ticipants receiving on-demand PrEP.?’ However, the actual number of
tablets taken may differ from the estimated number. More research is
necessary to determine the concentrations of TFV-DP and FTC-TP among
people taking on-demand PrEP and to investigate whether target con-
centrations known to confer 100 % protection against HIV can be ach-
ieved using on-demand PrEP. Therefore, this study analyzed the TFV-DP
and FTC-TP concentrations in DBSs from individuals receiving daily or
on-demand PrEP with TDF/FTC. This study provides data regarding the
distribution of these concentrations in the Taiwanese population and the
associations between concentrations and the number of TDF/FTC tablets
taken by individuals receiving on-demand PrEP with different dosing
frequencies and sampling times.

2. Methods
2.1. Study design and participants

Men who have sex with men receiving either daily or on-demand
PrEP between October 23, 2018 and August 31, 2023 were enrolled in

this study. Participants with chronic hepatitis B were excluded from the
study. All participants in the daily PrEP group had been taking TDF/FTC
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on a daily basis for at least one month before enrollment. Participants in
the on-demand PrEP group took two tablets of TDF/FTC within 2-24 h
before sexual intercourse, followed by one tablet each at 24 and 48 h
after the first dose.*?!

2.2. Procedure

Each participant completed a self-administered questionnaire, in
which data regarding risky sexual behavior, the type of PrEP use (daily
vs. on-demand), and the length of time between the last dose of TDF/
FTC and the study visit were obtained. Blood was drawn for both DBS
collection and HIV testing.

A 15-pL aliquot of a whole blood sample originally collected using
EDTA tubes was used for the DBS samples. The DBS was collected on a
Whatman 903 card. The DBS cards were dried at room temperature in
the dark for at least 4 h or overnight and were stored in double-layer zip-
lock bags with a desiccant. The cards were then stored at —20 °C until
analysis.

2.3. Quantification of TFV-DP and FTC-TP concentrations in DBSs

This study was conducted by adopting an on-spot internal standard
addition strategy followed by a modified indirect method according to
previous studies for more accurate measurements of TFV-DP and FTC-TP
concentrations in DBS samples.’?>* Briefly, 5 pL of internal standard
(200 ng mL~! tenofovir-d6 diphosphate) was spotted onto each DBS
sample and dried at room temperature in the dark for 30 min. The whole
spot (8-mm diameter) was collected using several punches. The punched
spots were extracted by adding 1000 pL of 70 % methanol using a
Geno/Grinder 2010 (SPEX Sample Prep, Metuchen, NJ, USA) for 15 min
at 1000 rpm. The supernatant underwent solid-phase extraction (SPE)
using cartridges (Waters AccellTM Plus QMA Cartridge, 3 cc, 500 mg) to
isolate TFV-DP and FTC-TP. KCl solutions were used for washing (5 mL
of 75 mM solution and 6 mL of 90 mM solution) and elution of the target
analytes (2 mL of 1M solution). Then, 150 pL of acid phosphatase (10
units, pH 5), which was diluted with 1 M sodium acetate to a total
volume of 20 mL, was added to the eluted solution and incubated at
37 °C for 60 min. After incubation, 20 pL of the internal standard (20 ng
mlL ! FTC-13C15N2) and 100 pL of 12 % trifluoroacetic acid were added.
The sample was added to another cartridge (Waters OASIS® HLB
Extraction Cartridge, 3 cc, 60 mg). A 1% trifluoroacetic acid solution (2
mL) was added to wash the sample, and 100 % methanol (1 mL) was
used to elute the target analytes. The eluted sample was dried using a
gentle stream of nitrogen. The residue was reconstituted with 100 pL of
deionized water and analyzed using a UHPLC-MS/MS system. The
measured concentrations were normalized to 3 mm punches by calcu-
lating the area of the blood spot, represented as fmol/punch. The lower
limit of quantification (LLOQ) was 85 fmol/punch for TFV-DP and 100
fmol/punch for FTC-TP. Chemicals, detailed UHPLC-MS/MS analytical
parameters and method validation results are provided in the supple-
mentary material (Section S-1, Section S-2, Table S1, and Table S2).

2.4. Statistical analysis

The chi-squared test and logistic regression analyses were used to
compare undetectable FTC-TP concentrations based on different TFV-DP
concentration categories. Pearson’s correlation analysis was used to
identify associations between the concentrations and the number of
TDF/FTC tablets taken each week. Differences in the concentrations of
TDF/FTC based on the number of tablets taken per month were tested
using an analysis of variance (ANOVA). Post hoc pairwise comparisons
were also conducted using Bonferroni’s adjustment. All statistical ana-
lyses were performed using SAS (version 9.4, SAS Institute, Cary, NC,
USA). Boxplots and line graphs were constructed using GraphPad Prism
(version 8.0, GraphPad Software, La Jolla, CA, USA).
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3. Results
3.1. Study participants and baseline characteristics

A total of 170 male participants were enrolled in this study, including
57 in the daily PrEP group and 113 in the on-demand PrEP group. TFV-
DP and FTC-TP concentrations in DBSs were measured for all partici-
pants. Among the participants in the on-demand PrEP group, 45 (78.9
%) recorded the time of the last PrEP regimen taken before blood
sampling and 24 (42.1 %) recorded the number of tablets taken per
month (Fig. 1).

Table 1 presents the baseline characteristics of the participants who
used daily and those who used on-demand PrEP. The median age was
29.0 years and the median weight was 70.0 kg for the whole cohort; and
the median body mass index of the participants was 23.4 kg/m? in the
daily PrEP group and 23.3 kg/m? in the on-demand PrEP group.
Although the sexual orientation, the number of regular sexual partners,
and the presence of sexual partners with HIV infection were different
between daily and on-demand PrEP groups, none of the participants
enrolled in this study seroconverted for HIV during the study observa-
tion period.

3.2. TFV-DP and FTC-TP concentrations in DBSs among participants

In the daily PrEP group, the median TFV-DP concentration was 803.9
fmol/punch (interquartile range [IQR], 473.1-1015.0 fmol/punch) and
the median FTC-TP concentration was 261.0 fmol/punch (IQR,
184.6-383.1 fmol/punch). In the on-demand PrEP group, the median
TFV-DP concentration was 488.6 fmol/punch (IQR, 305.1-811.4 fmol/
punch) and the median FTC-TP concentration was 297.6 fmol/punch
(IQR, 206.3-387.5 fmol/punch) (Fig. 2A).

The distributions of TFV-DP concentration in participants in the daily
and on-demand PrEP groups are shown in Fig. 2B by following the four
categories defined in a previous study,'! which included less than 350
fmol/punch, 350-700 fmol/punch, 700-1250 fmol/punch, and greater
than 1250 fmol/punch. FTC-TP concentrations were classified as un-
detectable or quantifiable according to the LLOQ level at 100 fmol/-
punch based on the results of a previous study.'®

Among the 57 daily PrEP participants, 36 (63.2 %) had TFV-DP
concentrations >700 fmol/punch and 9 (15.8 %) had TFV-DP concen-
trations <350 fmol/punch. Among the 113 on-demand PrEP partici-
pants, 38 (33.6 %) had TFV-DP concentrations >700 fmol/punch and 34
(30.1 %) had concentrations <350 fmol/punch (Fig. 2B). Table 2 shows

Participants
receiving PrEP
(n=170)
Daily PrEP On-demand PrEP
(n=57) (n=113)
DES DBS measurement
measurement (n=113)
(n=57)
Completed Completed
questionnaire questionnaire
(n=56) (n=111)

Fig. 1. Flowchart of the participants using daily and on-demand PrEP.
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Table 1
Baseline characteristics of study participants using daily and on-demand PrEP.
Characteristics Daily (n=57)  On-demand (n P
=113) value
Age (years) 29.0 29.0 (26.0-32.0) 0.23
(26.0-31.0)
Weight (kg) 70.0 70.0 (64.0-78.0) 0.55
(63.0-75.0)
BMI (kg/mz) 23.4 23.3 (21.6-25.8) 0.69
(21.2-24.8)
Sexual orientation 0.02
Available dataset (n) 56 111
Men who have sex with men 46 (82) 105 (95)
Heterosexuals 10 (18) 6 (5)
Number of regular sexual partners 0.04
in the past 3 months
Available dataset (n) 56 111
<5 47 (84) 102 (92)
6-10 3(5) 7 (6)
>11 6(11) 2(2)
Anal sex without condom use 0.64
Available dataset (n) 56 111
Yes 40 (71) 83 (75)
No 16 (29) 28 (25)
Fixed partner 0.10
Available dataset (n) 56 110
Yes 23 (41) 60 (55)
No 33(59) 50 (45)
Sexual partner with HIV infection 0.04
Available dataset (n) 56 111
Yes 11 (20) 22 (20)
No 37 (66) 85 (77)
Unknown 8 (14) 43
Former or current use of 0.35
recreational drugs
Available dataset (n) 56 111
Yes 24 8(7)
No 54 (96) 103 (93)

Data are presented as median (IQR) or number (percentage).

the proportions of undetectable and quantifiable FTC-TP concentrations
across the four categories of TFV-DP concentration in DBSs. Undetect-
able FTC-TP concentrations were associated with a TFV-DP concentra-
tion <350 fmol/punch in the daily (p < 0.0001) and on-demand (p =
0.03) PrEP groups. Undetectable FTC-TP concentrations were more
likely to be observed in the participants with TFV-DP concentrations
<350 fmol/punch in the daily PrEP group (odds ratio, 48.00; 95 %
confidence interval [95 % CI], 6.62-347.47; p = 0.0001) and on-
demand PrEP group (odds ratio, 6.56; 95 % CI, 1.58-27.22; p = 0.0009).

3.3. Correlations between TDF/FTC tablets and TFV-DP and FTC-TP
concentrations

Data from 45 participants in the on-demand PrEP group were used to
investigate the associations between the number of TDF/FTC tablets
taken each week and the TFV-DP and FTC-TP concentrations. These
participants were categorized based on the number of TDF/FTC tablets
taken per week: 1-3 tablets (n = 5), 4-6 tablets (n = 22), and 7 tablets (n
= 18). The median TFV-DP concentrations for the 1-3, 4-6, and 7 tablet
groups were 119.3 fmol/punch, 408.1 fmol/punch, and 774.4 fmol/
punch, respectively (Fig. 3A). The results showed that TFV-DP concen-
tration increased when more TDF/FTC tablets were taken weekly.

In contrast, FTC-TP concentrations did not increase when more TDF/
FTC tablets were taken, particularly in the group of participants taking
4-6 tablets per week. This could be attributed to the fact that some
samples were collected longer after the last TDF/FTC tablet taken. After
excluding 9 samples in the 4-6 tablet group that were collected >60 h
after TDF/FTC administration, the FTC-TP concentrations also increased
with increasing TDF/FTC tablets taken (Fig. 3B). The median FTC-TP
concentrations for the 1-3, 4-6, and 7 tablet groups were 207.5 fmol/
punch, 255.0 fmol/punch, and 376.6 fmol/punch, respectively. The
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Fig. 2. (A) The TFV-DP and FTC-TP concentration distributions among participants using daily and on-demand PrEP are shown. The median concentrations are
shown on the right side of the median line. (B) The proportions of four categories of TFV-DP concentrations among participants using daily and on-demand PrEP are

shown. The percentages for each group are displayed in the pie chart.

Table 2
Undetectable and quantifiable FTC-TP concentrations in DBSs.

TFV-DP (fmol/punch)

Daily PrEP (n = 57) FTC-TP (fmol/punch) <350, n (%)

n=9)
Undetectable (<100) 6 (67)
Quantifiable (>100) 3(33)
On-demand PrEP (n = 113) FTC-TP (fmol/punch) <350, n (%)
(n=34)
Undetectable (<100) 7 (21)
Quantifiable (>100) 27 (79)

350-700, n (%) 700-1250, n (%) >1250, n (%) P
(n=12) (n = 25) (n=11)

0 (0) 14 0 (0)

12 (100) 24 (96) 11 (100) <0.0001
350-700, n (%) 700-1250, n (%) >1250, n (%) P
(n=41) (n = 30) m=28)

12 2() 0 (0)

40 (98) 28 (93) 8 (100) 0.0313

TFV-DP concentration trend did not differ when the nine samples were
excluded in a subsequent analysis.

Considering that the timing of blood sample collection after the last
TDF/FTC tablet was taken might affect FTC-TP concentrations, we
further categorized the 45 included participants into five groups based
on the interval between the last dose taken and sample collection: 0-12
h, 12-24 h, 24-36 h, 36-72 h, and >72 h. We then studied the rela-
tionship between TFV-DP and FTC-TP concentrations and TDF/FTC
tablets taken per week in each category. The TFV-DP (R = 0.63; p =
0.006) and FTC-TP (R = 0.75; p = 0.0005) concentrations increased as
the dosage increased in the 12-24 h group, exhibiting a moderate cor-
relation (Fig. 4). Therefore, blood samples were collected within 12-24
h after the last dosing to assess the impact of the number of TDF/FTC
tablets taken per month on TFV-DP and FTC-TP concentrations in the on-
demand PrEP group.

3.4. TFV-DP and FTC-TP concentrations among participants using on-
demand PrEP with different tablets per month

We collected DBSs from 24 participants taking 4, 8, and 16 tablets
per month within 12-24 h post-dose. The TFV-DP and FTC-TP concen-
trations increased with the number of TDF/FTC tablets taken (Fig. 5).
The median TFV-DP concentration in the 4, 8, and 16 tablets/month
groups were 220.9 fmol/punch, 544.6 fmol/punch, and 556.9 fmol/
punch, respectively. Seventeen participants had TFV-DP concentrations
>350 fmol/punch, including 1 (16.6 %) in the 4 tablets/month group, 7
(87.5 %) in the 8 tablets/month group, and 9 (90.0 %) in the 16 tablets/
month group. The FTC-TP concentration was quantifiable in all partic-
ipants. The median FTC-TP concentration in the 4, 8, and 16 tablets/
month groups was 224.7 fmol/punch, 321.1 fmol/punch, and 364.2
fmol/punch, respectively. There were no significant differences in TFV-
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DP or FTC-TP concentrations between the participants taking 8 tablets/
month and those taking 16 tablets/month (Fig. 5).

4. Discussion

This study investigated the TFV-DP and FTC-TP concentrations in
DBSs from Taiwanese people without HIV who received TDF/FTC as
daily or on-demand PrEP for HIV. The FTC-TP concentrations were
affected by sampling time among on-demand PrEP users. These results
suggest that sample collection within 12-24 h after dosing could obtain
results to more reliably assess the adherence among on-demand PrEP
users. In addition, the TFV-DP and FTC-TP concentrations were similar
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between the participants taking 8 tablets/month and those taking 16
tablets/month in the on-demand PrEP group.

In this study, we found that 9 of 57 (15.8 %) daily PrEP participants
had TFV-DP concentrations below 350 fmol/punch, while 36 out of 57
(63.2 %) had concentrations greater than 700 fmol/punch. A real-world
PrEP clinical study showed that 73.9 % of daily PrEP participants had a
TFV-DP concentration greater than 700 fmol/punch and 11.5 % had a
concentration below 350 fmol/punch.?” Our study shows a slight dif-
ference in the proportions of participants with low vs. high TFV-DP
concentrations compared to those observed in the previous study. In
addition to racial or ethnic differences in pharmacokinetics, the TFV-DP
concentrations are found to be higher in older participants, those with a
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Fig. 4. The correlations between weekly tablets and the (A) TFV-DP and (B) FTC-TP concentrations are shown.

lower body mass index, those engaged in sex without condom use, and
those with sexual partners with HIV.'»?>?” The difference in TFV-DP
distribution between our study and others could be due to the pro-
portions of participants aged over 35 years (27.7 %). Additionally,
previous studies had higher proportions of participants with
HIV-positive sexual partners (39.4 %) compared to our study (11[20.0
%] for daily PrEP group). A recent study conducted in Asia reported that
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169 out of 191 (88.4 %) of DBS samples from daily PrEP users had
TFV-DP concentrations >700 fmol/punch,'” which was higher than that
in the current study. The previous study primarily focused on developing
the analytical method and the characteristics of the PrEP participants
were not reported, making it difficult to identify potential factors
contributing to the concentration differences observed.!”

The median TFV-DP concentration of the participants in the on-
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Fig. 5. TFV-DP and FTC-TP concentrations in DBSs of on-demand PrEP users taking 4, 8, or 16 TDF/FTC tablets per month are shown. The median value for each

group is presented on the right side of the boxplot.

demand PrEP group in the current study was 488.6 (IQR, 305.1-811.4)
fmol/punch, which was similar to that reported in the ANRS IPERGAY
clinical trial and AMPrEP project in Amsterdam, which showed that the
median TFV-DP concentration was 517 (IQR, 128-868) fmol/punch and
591 (IQR, 270-896) fmol/sample, respectively.'>?° The proportion of
on-demand PrEP users with a TFV-DP concentration >700 fmol/punch
in the current study (33.6 %) was similar to that reported in the ANRS
IPERGAY clinical trial (39 %), which reported a 97 % reduction in HIV
incidence among participants using on-demand PrEP.%?!

We further evaluated the association between TFV-DP and FTC-TP
concentrations and the number of TDF/FTC tablets taken per week
among the on-demand PrEP participants. We observed that a longer
interval between the last TDF/FTC tablet taken and blood sample
collection affected the FTC-TP concentration. Castillo-Mancilla et al.
determined that the half-life of FTC-TP in DBSs was approximately 1.5
days and suggested that samples collected within 48 h after taking TDF/
FTC exhibited quantifiable FTC-TP levels and samples collected >96 h
after dosing had unquantifiable FTC-TP levels.'® Though concentrations
may be affected by sampling time, the association between concentra-
tions and the number of TDF/FTC tablets taken has not been adequately
investigated in previous studies. In the current study, the concentrations
of TFV-DP and FTC-TP moderately correlated with the timing of samples
collected within 12-24 h, 24-36 h and 36-72 h after dosing. However,
due to the sample sizes in 24-36-h and 36-72-h groups were relatively
small; further studies of larger sample sizes are required to investigate
this relationship. Nevertheless, the findings of our study suggest con-
trolling the sample collection time within 12-24 h after the last dose can
obtain more reliable concentration measurements.

The TFV-DP concentration of participants taking 16 TDF/FTC tab-
lets/month was similar to that of those taking 8 tablets/month in the
current study. In a previous study, on-demand PrEP users taking a me-
dian of 15 TDF/FTC tablets/month reported an 86 % relative reduction
in HIV acquisition.” However, the previous study did not report data
regarding the TFV-DP and FTC-TP concentrations. To bridge our
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observation with their study, we adapted a TFV-DP concentration cutoff
of 350 fmol/punch with approximately 90 % protection in the current
study, which closely aligns with a previous report.”'! In our study, 9/10
(90.0 %) participants taking 16 tablets per month had TFV-DP concen-
trations higher than 350 fmol/punch. The proportions were similar
between the participants taking 8 tablets per month (7/8, 87.5 %) and
those taking 16 tablets per month. While our study showed similar
proportions of participants achieving TFV-DP concentrations higher
than 350 fmol/punch with taking 16 tablets vs. 8 tablets, additional
clinical data are needed to substantiate the effectiveness of taking 8
TDF/FTC tablets/month for HIV prevention.

This study has several limitations. First, the number of participants
who used daily or on-demand PrEP regimens remained relatively small.
Second, the frequency of PrEP use and the time of the last dose relied on
the participants’ recall, potentially contributing to study bias. Third, the
participants’ adherence to daily or on-demand PrEP was not verified.
Finally, all participants were recruited from a single medical hospital,
which limits the generalizability of the findings.

In conclusion, the results of this study suggest that DBS collection
within 12-24 h after the last dose of TDF/FTC yields more reliable
concentrations of TFV-DP and FTC-TP to predict adherence among on-
demand PrEP users. Furthermore, this study revealed that the distribu-
tion of the TFV-DP concentration of on-demand PrEP participants taking
8 tablets/month was similar to that of on-demand PrEP participants
taking 16 tablets/month.
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