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Abstract

MK-8507 is an investigational HIV-1 nonnucleoside reverse transcriptase inhibitor being developed for the treatment of HIV-1 infection. MK-8507
contains 2 trifluoromethyl groups that may result in fluoride release through metabolism, but the extent of MK-8507—related fluoride release in humans
has yet to be determined. This double-blind, placebo-controlled, 2-period, parallel-group, multiple-dose trial in healthy participants without HIV-1 who
were administered a fluoride-restricted diet and once-weekly doses of MK-8507 aimed to estimate the relationship between MK-8507 dose and
fluoride exposure. A total of |5 adult male and 3 adult female (of non-childbearing potential) participants were randomized to receive MK-8507 200
mg (n = 6), MK-8507 800 mg (n = 6), or placebo (n = 6). Change from baseline in mean daily fluoride excretion averaged over 7 days following the
administration of MK-8507 200 mg resulted in a net mean increase of 19.8 umol (90% confidence interval, 12.2-27.4) relative to placebo and did not
exceed 57 umol, a threshold related to the mean difference between the daily reference dose set by the US Environmental Protection Agency and
the average dietary fluoride intake in the United States. However, daily urinary fluoride excretion exceeded the threshold following administration of
800 mg MK-8507 (75.1 umol [90% confidence interval, 67.5-82.7]). Assuming a linear relationship between MK-8507 dose and estimated mean daily
fluoride released at steady-state, data interpolation suggests that the US Environmental Protection Agency reference dose for fluoride would not be
exceeded in most patients when administering MK-8507 at doses currently under clinical investigation (<400 mg once weekly).
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with dental fluorosis in children and skeletal fluorosis
in adults, which results in increased bone density.>°
Bones affected by skeletal fluorosis exhibit greater
fragility, which carries an elevated risk of fractures.>®

MK-8507 is an investigational HIV-1 nonnucleoside
reverse transcriptase inhibitor being developed for
the treatment of HIV-1 infection. Preclinical and
clinical data have demonstrated that MK-8507

has a favorable safety and tolerability profile and
pharmacokinetic (PK) properties that support once-
weekly administration.! In particular, PK studies
indicate that steady-state plasma concentrations
of MK-8507 are reached after the first week of
administration.”> Of note, MK-8507 contains 2
trifluoromethyl groups that may result in fluoride
release via metabolism, but the relevance of this
pathway and the extent of MK-8507-related fluoride
release in humans has yet to be determined.

At appropriate levels, fluoride is beneficial to teeth,
preventing dental caries.* Although high levels of flu-
oride can be problematic, acute fluoride toxicity is
uncommon in adults, generally occurring only when
fluoride intake exceeds 5 mg/kg.* Symptoms of fluoride
toxicity can present within minutes and tend to be pre-
dominantly gastrointestinal, although neurologic and
cardiovascular effects can also occur.* Chronic fluoride
toxicity (long-term exposure >6 mg/d) is associated

Furthermore, ligaments and tendons can also become
calcified in individuals with skeletal fluorosis, reducing
mobility.’

To reduce dental fluorosis and systemic toxicity, the
US Environmental Protection Agency recommends a
maximum daily intake (or reference dose [RfD]) of
0.08 mg/kg of fluoride per day (equal to 4.8 mg/d
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for a person weighing 60 kg), defined as “an esti-
mate (with uncertainty spanning perhaps an order of
magnitude) of a daily oral exposure to the human
population (including sensitive subgroups) that is likely
to be without an appreciable risk of deleterious effects
during a lifetime.”” A person living in the United
States consumes on average 2.91 mg of fluoride a day,’
suggesting that consumption of an additional 1.89 mg
of fluoride each day can be accommodated without
exceeding the maximum recommended daily intake
level. However, average fluoride consumption is highly
variable from region to region due to differences in diet
and natural fluoride levels in water®; therefore, there is
a level of uncertainty regarding an acceptable amount
of additional fluoride consumption.

MK-8507 is being investigated at doses of 100,
200, and 400 mg once weekly in combination with
the nucleoside reverse transcriptase translocation
inhibitor islatravir (20 mg) for the treatment of HIV-1
infection (ClinicalTrials.gov ID: NCT04564547). It
is therefore important to understand the degree of
fluoride exposure that may result from MK-8507
metabolism at clinically relevant doses. This trial
was conducted to estimate the relationship between
MK-8507 dose and fluoride exposure in individuals not
infected with HIV-1 administered a fluoride-restricted
diet and once-weekly doses of MK-8507.

Methods

A randomized, double-blind, placebo-controlled,
2-period, parallel-group, multiple-dose trial was per-
formed at a single center in Lincoln, Nebraska. The trial
protocol was reviewed and approved by Chesapeake
Institutional Review Board (Columbia, Maryland)
before commencement. The trial was conducted in
accordance with the Good Clinical Practice and

International Council for Harmonization guidelines.
All participants provided written informed consent
before enrollment in the study in accordance with the
US Food and Drug Administration Code of Federal
Regulations, Title 21, Part 50, Protection of Human
Subjects.

Trial Design

The trial design is depicted in Figure 1. Participants
were enrolled in 2 cohorts of 9 participants each. No
drug was administered during the 6-day run-in period
(period 1). On completion of period 1, all participants
entered period 2 directly, during which cohort A was
randomized 2:1 to receive once-weekly oral doses
of MK-8507 200 mg (theoretical maximum fluoride
exposure due to full metabolism of MK-8507 through
this pathway calculated at 46.4 mg or 2440 pumol)
or placebo on days 1, 8, and 15; and cohort B was
randomized 2:1 to receive once-weekly oral doses
of MK-8507 800 mg (theoretical maximum fluoride
exposure due to metabolism of MK-8507 through
this pathway calculated at 185.4 mg or 9760 pmol) or
placebo on days 1, 8, and 15.

Participants consumed an unrestricted diet, includ-
ing water, and used their usual dental products to gain
an estimate of “constitutive” fluoride intake on day
1 of period 1. Participants consumed a standardized
fluoride-restricted diet from day 2 of period 1 until com-
pletion of the trial, limited to a total daily dietary intake
of <0.4 mg of fluoride, during which consumption of
all fluoride-containing products (eg, tap water, dictary
supplements, fluoride-containing toothpaste, tea) was
restricted.

To ensure adequate urine collection for fluoride anal-
ysis, 240 mL of defluoridated water was administered
at the time of dosing and at least a further 200 mL
was administered at 1, 3, and 6 hours after dosing.
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Additional defluoridated water was administered ad li-
bitum. During period 1, all participants were domiciled
in the clinical research unit.

Eligibility Criteria

Eligible participants were adult men or women of
non-childbearing potential aged 21 to 55 years and
weight of >40 kg with a body mass index of
<35.0 kg/m?. Calcium, magnesium, phosphorus, and
parathyroid hormone levels were required to be within
normal limits and an estimated creatinine clearance
>90 mL/min based on the Cockcroft-Gault equation
was additionally required. Participants must not have
had any clinically significant medical history. Intoler-
ance to galactose, lactase deficiency, glucose-galactose
malabsorption, significant multiple and/or severe aller-
gies, or anaphylactic reaction or significant intolerabil-
ity to prescription or nonprescription drugs or food
were also exclusionary. Participants must also not have
had a positive screening result for HIV, hepatitis B
surface antigen, or hepatitis C virus.

Urine and Plasma Sampling and Fluoride PK Analyses
Urine samples for the determination of fluoride excre-
tion were collected over 0 to 4, 4 to 8, 8 to 12, 12 to 16,
and 16 to 24-hour index time intervals on days 1 and
6 in period 1. In period 2, urine samples were collected
immediately before dosing and over 0 to 4, 4 to 8, 8 to
12, 12 to 16, and 16 to 24-hour intervals after dosing
ondays 1, 2, 3, 15, 16, and 17. Additionally, urine was
collected over 24 hours on days 4 to 7 and 18 to 21 in
period 2. The amount of fluoride excreted daily (Aej.o4)
and over the course of a week (Aey.j¢s) during weeks 1
and 3 of dosing was measured.

Baseline Aej.p4 was defined as the urine fluoride
Aeyos value on day 6 of period 1. To assess the
completeness of urine collections for each participant,
24-hour creatinine clearance was assessed using serum
and urine creatinine concentrations on each day when
urine collection was performed. No participants were
identified as having an incomplete urine collection that
would have impacted the analysis.

In period 1, blood samples for the determination of
plasma fluoride concentrations were collected: at index
time (time of dosing scheduled for period 2); at 4, 8,
12, and 24 hours later on days 1 and 6 of period 1; and
before dosingand at 0.5, 1, 2,4, 6, 8, 12, 24, 48, 96, 120,
and 168 hours after dosing on days 1 and 15 of period 2.
Plasma PK parameters evaluated included area under
the concentration-time curve (AUC) from 0 to 24 hours
after dosing (AUC.»4), area under the concentration-
time curve from 0 to 168 hours after dosing (AUC_¢3),
maximum plasma fluoride concentration, and time to
maximum plasma fluoride concentration.

Analytical Methods

Fluoride concentrations in plasma and fluoride ex-
cretion in urine were analyzed by a commercial ven-
dor, Quest Diagnostics (Chantilly, Virginia), using
direct ion-specific electrode potentiometry using an
Orion Fluoride Electrode (Thermo Fisher Scientific,
Waltham, Massachusetts) with a separate reference
electrode. The lower limit of quantitation (LLOQ) of
the assay was 1.05 uM.

Data Analysis

Fluoride Aeyy4 and Aeg.j¢3 were determined by the
product of the urine concentration and volume during
the 24-hour or 168-hour collection interval, respec-
tively.

Plasma PKs were calculated using PhoenixWin-
Nonlin software version 7 (Certara, Princeton, New
Jersey). Maximum plasma fluoride concentration and
time to maximum plasma fluoride concentration values
were obtained directly from plasma concentration—time
data. AUC was calculated using the linear up/log down
trapezoidal method. Fluoride concentration values that
were below the LLOQ of the assay (1.05 ©M) in plasma
and urine were imputed as being half the LLOQ (ie,
0.526 uM).

Statistical calculations were performed using SAS
version 9.4 (SAS Institute, Cary, North Carolina).
To assess steady-state urine fluoride, individual urine
fluoride Aej.4 changes from baseline were evaluated
in a linear mixed-effects model.” The 95% confidence
intervals (Cls) for the least-squares means (LSM) by
treatment were constructed. Similarly, the LSM differ-
ences (each of the 2 MK-8507 dose levels vs placebo)
and 90%CIs from this model were constructed.

The primary hypothesis of the study was that the
true mean difference between MK-8507 and placebo
in the change from baseline of the daily amount of
fluoride excreted in the urine Aej.,4 averaged over 7
days following the administration of at least 1 dose
level of MK-8507 at steady state was <57 umol. To
assess and compare urine and plasma fluoride following
single and multiple doses of MK-8507, individual urine
fluoride Aeg.j¢3 or plasma fluoride AUC ¢35 values
were natural log (In)-transformed and evaluated with a
linear mixed-effects model. The 95%CIs for the LSMs
by treatment and week were constructed on the In-scale.
The LSM differences (week 3/week 1) and 90%CI of
the LSM differences were back-transformed to obtain
the geometric mean accumulation ratio (week 3/week 1)
and 90%CI of the geometric mean ratio.

Power

At the design stage, a between-subject standard devi-
ation (SD) estimate of 7 (at low dose, or 27 at high
dose) for Aepos change from baseline was obtained
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Table I. Demographic and Baseline Clinical Characteristics

MK-8507 MK-8507
Placebo 200 mg 800 mg
Characteristic n==6 n==6 n==6
Age, y, mean (SD) 36.8 (6.2) 372 (13.2) 38.5(7.8)
Range 25-42 21-52 29-47
Sex,n, %
Male 6 (100.0) 5(83.3) 4 (66.7)
Female 0(0.0) I (16.7) 2 (333)
Race,n %
Black or African American 5(83.3) 2 (33.3) 2 (33.3)
White 0 (0.0 4 (66.7) 2(33.3)
Multiple 1 (16.7) 0 (0.0 2(333)
Ethnicity, n, %
Hispanic or Latino 0 (0.0) 1 (16.7) 2 (33.3)
Not Hispanic or Latino 6 (100.0) 5(83.3) 4 (66.7)
Weight, kg, mean (range) 86.3 833 92.0
(69.4-99.2) (61.3-106.5)  (82.4-106.9)
Height, cm, mean (range) 176 (166-193) 176 (163-187) 173 (162-188)
BMI, kg/m?, mean (range) 27.8 26.6 309
(24.0-30.7)  (23.1-30.6) (29.1-33.1)

BMI, body mass index; SD, standard deviation.

using data from an earlier pilot trial of urinary fluoride
excretion PK.” Assuming that the true between-subject
SD for change from baseline following multiple dosing
was similar to this value, then with 6 subjects receiving
MK-8507 per panel and 6 subjects receiving placebo
(pooled across 2 MK panels), a type I error rate of
0.05, and a 1-sided test, there was 80% probability that
the upper limit of the 2-sided 90%ClI for the true mean
difference (MK-8507-placebo) in change from baseline
at period 2, week 3 would be <57 umol, if the true mean
difference was <49 (or <25 if SD = 27) umol.

Safety Analysis
Safety was monitored throughout the trial by repeated
clinical and laboratory evaluations.

Results

Participant Disposition and Baseline Characteristics

A total of 18 participants were enrolled in the trial;
9 participants were included in each cohort, with 6
participants randomized to MK-8507 and 3 to placebo.
All participants completed the trial per protocol. The
trial was initiated on September 22, 2017, and com-
pleted on December 13, 2017. Baseline characteristics
of participants are described in Table 1.

Fluoride PK Parameters

Geometric mean Aeyy4 for fluoride on period 1, day
1 (unrestricted fluoride exposure) was 58.4 umol (SD,
21.0; geometric percent coefficient of variance, 33.3%;
range, 36.4-104; n = 17; 1 participant was not included
in the analysis due to an incomplete urine collection),
which decreased to 29.7 umol (SD, 7.51; geometric

percent coefficient of variance, 27.3%; range, 16.0-43.4;
n = 18) on day 6 (after 5 days on a fluoride-restricted
diet). Change from baseline in urine fluoride Aey.4
following administration of MK-8507 or placebo for
3 weeks is shown in Table 2. Change from baseline
in urine fluoride Aey,4 following administration of
MK-8507 demonstrated an increase in fluoride excre-
tion in an approximately dose-proportional manner.
The amount of fluoride excreted in urine was higher
after week 3 of MK-8507 administration with 800-mg
dosing compared with week 1 (49% increase), whereas
minimal change was observed with 200-mg dosing (14%
increase) (Table 3).

Plasma fluoride levels in period 1 were largely be-
low the LLOQ (day 1: 69/90 [77%]; day 6: 85/90
[94%]; 154/180 [86%] total samples), with no difference
seen with visual inspection between days 1 (fluoride-
unrestricted diet) and day 6 (fluoride-restricted diet).
Plasma fluoride levels from period 2 were assessed;
however, a large number of samples had fluoride con-
centrations below the LLOQ (430/468 [92%] samples).
There was no clear distinction between the fluoride
concentrations at either of the 2 dose levels of MK-8507
or placebo and no clear distinction between values from
any treatment group from week 1 to week 3. Due to the
limitation of fluoride plasma detection, fluoride renal
clearance values were not reported.

Safety
No drug-related adverse events were reported by any
participants.

Discussion

MK-8507, a novel investigational nonnucleoside
reverse transcriptase inhibitor that is being evaluated
as a once-weekly drug in combination with islatravir
20 mg in clinical trials for the treatment of people
living with HIV-1 (PLWH), may release fluoride
through metabolism. Therefore, this clinical trial
was conducted to characterize fluoride PK following
MK-8507 multiple-dose administration.

Using data from an earlier pilot trial of urinary
fluoride excretion PK.? an increase in fluoride intake
of 1.89 mg/d (the difference between the maximum
recommended intake of 4.8 mg and the mean US
population intake of 2.91 mg) is expected to result in
a mean increase of 57 umol in urinary fluoride Aey.o4
(averaged over a 7-day dosing interval). Therefore, an
increase from baseline of 57 pumol in urinary fluo-
ride Aegoy (averaged over 7 days and corrected for
placebo) was defined as the upper limit for acceptable
change in fluoride excretion at steady state for partici-
pants administered MK-8507. Urine fluoride excretion
data following multiple weekly administration of a
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Table 2. Change From Baseline in Urine Fluoride Aeg.p4 Averaged Over 7 Days in Healthy Participants Administered MK-8507 (200 or 800 mg) or
Placebo Once Weekly for 3 Weeks Under Conditions of a Fluoride-Restricted Diet

Amount of Fluoride Excreted in Placebo MK-8507 200 mg MK-8507 800 mg
Urine, umol n==6 n==6 n==6
Baseline, mean (SD)* 30.7 (84) 31.3 (8.6) 30.0 (6.8)
Poststudy drug, mean (SD)° 24.5 (5.1) 44.3 (4.3) 98.5 (11.5)
Least-squares mean change —6.3 +13.5 +68.8
(95%Cl) (=128 to +0.3) (+7.0 to +20.1) (+62.3 to +75.4)
Difference in least-squares mean vs +19.8 +75.1

placebo (90%Cl)

(+122 to +27.4) (+67.5 to +82.7)

Aeg.»4,amount of fluoride excreted daily; Cl, confidence interval; SD, standard deviation.

*Defined as day 6 of period |, following a fluoride-restricted diet for 5 days.
®Mean of Aeg.y4 recorded daily from day 15 to day 21 in period 2.

Table 3. Urine Fluoride PK in Healthy Participants Administered 3 Weekly Doses of MK-8507 (200 or 800 mg) Under Conditions of a Fluoride-

Restricted Diet

Urine
MK-8507 200 mg MK-8507 800 mg
Week | Week 3 Week | Week 3

Fluoride PK
parameters n GM (95%Cl)/[%CV] n GM (95%CI)/[%CV] n GM (95%CI)/[%CV] n GM (95%Cl)/[%CV]
Aeg. 68, umol 5 270 (230-317) 6 309 (266-358) 5 459 (391-539) 5 682 (581-800)

MK-8507 200 mg week 3/MK-8507 200 mg week | MK-8507 800 mg week 3/MK-8507 800 mg week |

GMR (90%Cl) GMR (90%Cl)

Aeg. 8%, emol 1.14 (0.99-1.32) 1.49 (1.27-1.74)

Aeg_168,amount excreted in urine during the 168-hour period after dosing; Cl, confidence interval; %CV, geometric coefficient of variation; GM, geometric mean;

GMR, geometric least-squares mean ratio; PK, pharmacokinetic.

a . .
Back-transformed least-squares mean and Cl from linear mixed-effects model performed on natural log-transformed values.

200-mg dose of MK-8507 resulted in a mean net
increase of 19.8 umol over placebo, whereas multiple
weekly 800-mg doses resulted in a 75.1-pumol increase.
Therefore, the primary hypothesis of this study (as
defined in the Methods) was supported at the 200-mg
dose level, but not at the 800-mg dose level.
Interpolating data between the 200- and 800-mg
doses, based on an assumed linear relationship between
MK-8507 dose and estimated mean daily fluoride re-
leased at steady state, suggests that a person consuming
a diet containing an average US fluoride intake, and ad-
ministered <400 mg MK-8507 once weekly, would not
exceed the RfD for fluoride designated by the US En-
vironmental Protection Agency. However, an 800-mg
dose of MK-8507, double the highest therapeutic
dose under clinical investigation, is associated with an
increase in fluoride exposure that may result in PLWH
exceeding the fluoride RfD in the United States.'”
Understanding the effects of MK-8507 on fluoride
exposure is important because PLWH would be ex-
pected to require long-term treatment. Long-term treat-
ment with pharmacologic agents that are associated
with increased fluoride exposure, such as the antifungal

voriconazole, has been associated with adverse events
that are consistent with skeletal fluorosis.!'"!* Plasma
levels of fluoride in patients administered voriconazole
with fluoride-related adverse events have been reported
to be >7.5 umol/L, whereas ~85% of plasma mea-
surements in this trial, from individuals administered
MK-8507, were below the LLOQ of approximately 1
wumol/L."-13 Therefore, plasma fluoride measurements
were >7.5-fold lower for individuals administered
MK-8507 compared with levels noted from voricona-
zole treatment where deleterious effects were observed.
Since plasma fluoride levels were frequently below the
LLOQ, the usefulness of the plasma data may be
questionable due to limited sensitivity. These findings
are consistent with a corresponding trial that indicated
that urine sampling offers a more consistent and ac-
curate method of assessing fluoride exposure in par-
ticipants administered a fluoride-restricted diet relative
to plasma measurement.’ Data from the current trial
demonstrated readily detectable fluoride levels in urine
samples, which increased in a dose-dependent manner.

To decrease variability due to dietary fluoride intake,
the trial incorporated a fluoride restricted diet run-in
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phase of 5 days, which was determined to be sufficient
based on previously collected data.” However, urine
fluoride excretion continued to decline slightly in some
participants receiving placebo in period 2 (Table S1),
indicating the value of comparing outcomes with a
within-group baseline and a parallel group receiving
placebo in this trial. Fluorosis is not known to be an
adverse event that is commonly observed in PLWH,
but the risk of bone-related adverse events needs to
be considered when investigating new antiretroviral
therapies.'* Bone health is of concern for PLWH be-
cause highly active antiretroviral therapies, especially
regimens comprising tenofovir disoproxil fumarate or
a protease inhibitor, can increase the risk of reduced
bone mineral density and osteoporosis compared with
people without HIV.'%!5 The increased risk of bone
pathology among PLWH is believed to be related to
immune changes and cellular function rather than
fluoride metabolism. '+

Limitations
In this trial, participants without HIV were adminis-
tered a fluoride-restricted diet to control for dietary flu-
oride when assessing the impact of MK-8507 on plasma
and urine fluoride levels. The PK of fluoride following
administration of MK-8507 may differ in individuals
on an unrestricted diet. Likewise, fluoride exposure
differs across geographic regions; for period 1, day 1
value for background fluoride exposure from this small,
localized trial population may not be readily general-
izable to a larger, geographically dispersed population.
For example, the difference between constitutive urine
excretion on day 1 of this study and fluoride excretion
after implementing a fluoride-restricted diet was
~29 pmol, which equates to an average daily fluoride
exposure of ~0.98 mg for each study participant
recruited at the single study center. This value is
substantially lower that the reported average fluoride
intake of 2.91 mg/d for a person living in the United
States.” Demographic differences between placebo and
active groups and the small sample size (n = 6 per
group; Table 1) may limit the universal application of
these findings to a larger, more diverse population.

Values presented for daily fluoride exposure are also
mean daily values over the course of a week and do
not account for peak daily concentrations or the rapid
clearance of fluoride. The clinical relevance of peri-
odic, as opposed to persistent, fluoride exposure above
recommended levels is unclear given the equilibrium
between bone and plasma levels of fluoride, although
data from preclinical studies suggest no difference in
outcomes when exposed to steady state vs oscillating
concentrations of fluoride.'®

Other factors may be involved that can impact
fluoride release which were not explored. The precise

metabolic pathway of fluoride release from MK-8507
is unknown. As such, there is potential for extrinsic
factors that may impact the fluoride exposure following
administration of MK-8507. However, the theoretical
maximum cannot be exceeded.

Conclusions

Given the expected modest increase in fluoride exposure
following administration of MK-8507 at therapeutic
doses under clinical investigation (100-400 mg once
weekly), fluoride levels are not expected to exceed a clin-
ically relevant threshold in most individuals. However,
MK-8507 administered at anticipated supratherapeutic
doses increased fluoride exposure, as evidenced by
increases in fluoride excretion in the urine.
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