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Abstract

Tissue-nonspecific alkaline phosphatase (TNAP) hydrolyzes and inactivates in-
organic pyrophosphate (PPi), a potent inhibitor of calcification; therefore, TNAP
inhibition is a potential target to treat ectopic calcification. These two first-in-
human studies evaluated safety, tolerability, pharmacokinetics (PKs), and phar-
macodynamics (PDs) of single (SAD) and multiple-ascending doses (MAD) of
DS-1211, a TNAP inhibitor. Healthy adults were randomized 6:2 to DS-1211 or
placebo, eight subjects per dose cohort. SAD study subjects received one dose of
DS-1211 (range, 3-3000 mg) or placebo, whereas MAD study subjects received
DS-1211 (range, 10-300 mg) once daily, 150 mg twice daily (b.i.d.), or placebo for
10 days. Primary end points were safety and tolerability. PK and PD assessments
included plasma concentrations of DS-1211, alkaline phosphatase (ALP) activity,
and TNAP substrates (PPi, pyridoxal 5’-phosphate [PLP], and phosphoethanola-
mine [PEA]). A total of 56 (DS-1211: n = 42; placebo: n = 14) and 40 (DS-1211:
n = 30; placebo: n = 10) subjects enrolled in the SAD and MAD studies, respec-
tively. In both studies, adverse events were mild or moderate and did not increase
with dose. PKs of DS-1211 were linear up to 100 mg administered as a single dose
and 150 mg b.i.d. administered as a multiple-dose regimen. In multiple dosing,
there was minimal accumulation of DS-1211. Increased DS-1211 exposure cor-
related with dose-dependent ALP inhibition and concomitant increases in PPi,
PLP, and PEA. In two phase I studies, DS-1211 appeared safe and well-tolerated.
Post-treatment PD assessments were consistent with exposure-dependent TNAP
inhibition. These data support further evaluation of DS-1211 for ectopic calcifica-
tion diseases.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

In preclinical studies, successful inhibition of tissue-nonspecific alkaline phos-
phatase (TNAP) decreased soft-tissue calcification. However, TNAP inhibition
is untested in humans, and the safety and pharmacological effects are unknown.
WHAT QUESTION DID THIS STUDY ADDRESS?

What are the safety, tolerability, pharmacokinetic (PK), and pharmacodynamic
(PD) effects of TNAP-specific inhibitor DS-1211?

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

TNAP inhibition mediated by orally administered DS-1211 appears to be safe and
well-tolerated in humans. The PD effects of DS-1211 on alkaline phosphatase,
inorganic pyrophosphate, pyridoxal 5’-phosphate, and phosphoethanolamine
suggest it can inhibit TNAP in humans. This is the first clinical trial with a TNAP-
specific inhibitor; its safety over 10 days and PK-dependent profiles of TNAP in-
hibition were established.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

Ectopic calcification lacks a direct and safe treatment. TNAP inhibition with DS-

INTRODUCTION

Alkaline phosphatases (ALPs) are ubiquitous membrane-
bound glycoproteins that catalyze the hydrolysis of phos-
phate monoesters."* Four ALP isozymes exist in humans,
including three with restricted tissue distribution: intes-
tinal ALP, placental ALP, germ cell ALP, and the tissue-
nonspecific ALP (TNAP) with wide tissue distribution in
bone, liver, and kidneys.2 Although mammalian TNAP
can hydrolyze or transphosphorylate many phosphated
compounds in vitro, three have been recognized as endog-
enous substrates of TNAP: inorganic pyrophosphate (PPi),
pyridoxal 5’-phosphate (PLP; vitamin B6), and phosphoe-
thanolamine (PEA).1™

One well-recognized biological function of TNAP is
hydrolysis of extracellular PPi to maintain the balanced
inorganic phosphate (Pi) to PPi ratio in skeletal tissues
to enable proper skeletal and dental mineralization.? In
non-skeletal tissues, TNAP maintains proper PPi levels to
prevent ectopic vascular and soft-tissue calcification.>* A
loss of balance through elevated TNAP expression is as-
sociated with soft-tissue calcification, whereas severely
deficient TNAP enzymatic activity, as in hypophosphata-
sia (HPP), leads to excessively elevated PPi and may cause
conditions such as early loss of primary teeth, stress frac-
tures, and osteomalacia, among others.*®

The narrow physiological range of the endogenous
mineralization inhibitor PPi is regulated by the release
of its precursors, which subsequently generates PPi.%’
Ectonucleotide pyrophosphatase/phosphodiesterase 1
(ENPP1) converts circulating adenosine triphosphate

1211 may provide a novel targeted therapy for excess soft-tissue calcification.

(ATP) to adenosine monophosphate (AMP) and PPi. ATP
binding cassette subfamily C member 6 (ABCC6), an or-
ganic anion transporter, facilitates the release of ATP from
the liver into circulating plasma.® AMP is further hydro-
lyzed by an ecto-5'-nucleotidase (NT5E, which encodes
CD?73) into adenosine and Pi.* Adenosine, an endogenous
inhibitor of TNAP transcription, further maintains PPi lev-
els.” Dysfunction in this actively regulated PPi metabolic
pathway leads to abnormal soft-tissue mineralization in
several monogenetic ectopic calcification diseases, includ-
ing ABCC6 in pseudoxanthoma elasticum (PXE), ENPP1
in generalized arterial calcification of infancy (GACI), and
CD73 in arterial calcification due to deficiency of CD73
(ACDC).2 M Remediation of these defects is considered
an important therapeutic strategy to raise endogenous PPi
and prevent ectopic soft-tissue calcification, including use
of TNAP inhibitors.”'?

Several inhibitors of ALP isozymes are described in
the literature. Earlier compounds, such as levamisole and
theophylline, are not specific for TNAP and show weak
inhibitory activity."*'* Recently, the pharmacological ac-
tivities of a TNAP-specific inhibitor, SBI-425, have been
reported in animal models of vascular calcification and
PXE, further supporting the approach of TNAP inhibition
to reduce ectopic calcification.®'*!>77

DS-1211 is a potent and specific small-molecule inhib-
itor of TNAP."® In vitro and in vivo animal studies have
shown that it is effective in inhibiting TNAP activities,
increasing PPi levels, and reducing ectopic calcification
in animal models (manuscript in preparation). Here, we
present the results of the initial clinical characterization
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of this TNAP inhibitor from a single-ascending dose
(SAD) and a multiple-ascending dose (MAD) study on the
safety, tolerability, pharmacokinetics (PKs), and pharma-
codynamics (PDs) of DS-1211 in healthy subjects.

METHODS
Ethics statement

Both study protocols were approved by the Institutional
Review Board IntegReview. All study subjects provided
a written informed consent before any study procedure
was performed. The studies were conducted at Worldwide
Clinical Trials and were in compliance with the Helsinki
Declaration of 1975 (as revised in 1983) and codified in
International Council for Harmonization (ICH) E6 (R2), US
Food and Drug Administration Good Clinical Practice regu-
lations, and the ICH E6 guideline for Good Clinical Practice.

Subjects

Eligible subjects included healthy adults aged less than
or equal to 45 years with a body mass index 18-30 kg/
m” with no clinically significant abnormalities in pres-
tudy medical history, physical examination, vital signs,
electrocardiogram (ECG), and laboratory evaluations.
Key exclusion criteria included pregnancy or breastfeed-
ing; presence of proteinuria, hematuria, or abnormal liver
function tests—including ALP (outside the normal range
by age); consumption of greater than 21 units per week of
alcohol for males or greater than 14 units for females; his-
tory of alcoholism; tobacco use within 6 months prior to
the first dose; or an abnormal ECG or an ECG with a cor-
rected QT interval (QTcF) greater than 450 ms. Subjects
enrolled in the SAD study were ineligible for participation
in the MAD study.

Study design

The SAD study was a phase I, randomized, double-blind
(sponsor-unblinded), placebo-controlled, first-in-human,
sequential dose-escalation study. The study consisted of
seven cohorts of eight subjects each: six randomized to
DS-1211 and two randomized to placebo (Figure S1A).
Screening occurred less than or equal to 21 days prior to
check-in. Subjects checked in to the clinical pharmacology
unit (CPU) and fasted for greater than or equal to 10 h be-
fore receiving either a single oral dose of DS-1211 in powder
dosage form reconstituted as oral solution or correspond-
ing placebo on day 1 of the study, and they remained fasted
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until 4 h postdose. Following study drug administration,
a series of blood and urine samples were collected to as-
sess the PKs and PDs of DS-1211. Subjects were discharged
from the CPU 72 h postdose and returned once between 7
and 10 days postdose for follow-up assessments.

The MAD study was a phase I, randomized, double-
blind, placebo-controlled dose-escalating study consisting
of five cohorts randomized 6:2 to DS-1211 or placebo, with
eight subjects per dose cohort. Subjects were screened for
eligibility less than or equal to 21 days prior to check-in.
Four cohorts of subjects received 10, 30, 100, or 300 mg of
oral DS-1211 in powder dosage form reconstituted as oral
solution or received matching placebo once daily (q.d.)
for 10 days. Cohort five received 150 mg oral DS-1211 or
matching placebo for 10 days, administered twice daily
(b.i.d.) ~12 h apart (Figure S1B). All subjects fasted for
greater than or equal to 8 h before the morning dosing and
continued to fast for 2-4 h post-morning dose. Subjects on
the 150 mg b.i.d. regimen also fasted from 2 h predose to
2 h postdose for the evening dose. All subjects checked
out of the CPU 72 h after their last dose and returned for
follow-up assessments within 4-7 days.

Subjects were asked to refrain from consuming grape-
fruit/grapefruit juice, Seville oranges, and food or bever-
ages containing caffeine/xanthine or alcohol until the end
of the study. Additionally, dose escalation in both studies
proceeded following the review of safety, tolerability, and
PKs (systemic exposure assessed in the first 24 h postdose)
data of the previous cohort. Data were evaluated against
predetermined stopping criteria prior to dose escalation.
If any stopping criteria were met, dose escalation stopped
until a full safety review was complete with a risk estimate
of proceeding to the higher dose level.

Study end points

In both studies, the primary end points were safety and
tolerability of DS-1211. Secondary end points included
DS-1211 PK and PD parameters.

Study assessments
Safety assessments

Safety assessments included clinical examinations,
changes in vital signs, clinical assessments for treatment-
emergent adverse events (TEAEs), ECG readings, and
clinical laboratory assessments. All TEAEs were coded by
system organ class and according to the Medical Dictionary
for Regulatory Activities and were evaluated for intensity.
Vital signs included blood pressure, temperature, and
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respiratory rate. ECGs were performed in triplicate and as-
sessed ECG parameters and heart rate, comparing results
to potentially clinically important values and to baseline.
Clinical laboratory assessments included hematology, co-
agulation, serum chemistry, and urinalysis. During physi-
cal examinations, investigators noted abnormal findings.

Pharmacokinetic assessments

In both studies, blood samples were collected for the de-
termination of plasma DS-1211 concentrations. In the
SAD study, samples were collected at predose and at 0.25,
0.5,1, 1.5, 2, 4, 6, 8, 12, 24, 36, 48, and 72 h postdose. In
the MAD study, samples were collected at predose and at
0.5, 1, 1.5, 2, 4, 6, 12, and 24 h on days 1 and 10; addi-
tional samples were collected for the 150 mg b.i.d. cohort
at 12.5, 13, and 14 h (relative to the first dose). Plasma DS-
1211 concentrations were quantified by a validated lig-
uid chromatography-tandem mass spectrometry method
(LC-MS/MS). Plasma concentration-time data were ana-
lyzed through noncompartmental methods using Phoenix
WinNonlin using actual sample times relative to time of
dose. For the SAD study, PK parameters included maxi-
mum observed plasma concentration (C,,,,), time to C,,,,
(Tpaw), area under the concentration-time curve to last
measurable concentration (AUC), terminal half-life
(ty/,), and area under the curve extrapolated to infinity
(AUC;,p). For the MAD study, the following PK param-
eters were estimated for the morning doses of days 1 and
10: Cpraxo Tinae AUC, and AUC, (or AUC over a dosing
interval [AUC,,,]). Additionally, the accumulation ratio
(AR) was calculated based on the exposure (C,,, and
AUC,, or AUC,,) ratios of day 10 and day 1.

Pharmacodynamic assessments

Blood samples for assessment of ALP activity and PPi and
PLP levels were collected at predose and at 0.5, 1, 2, 6, 12, 24,
and 48 h postdose on day 1 in both studies and also on day
10 in the MAD study. Additional samples were collected for
the MAD 150 mg b.i.d. cohort at 12.5, 13, and 14 h (relative
to the first dose). Blood samples were also collected in the
MAD study on day 7 (predose) and day 13 (72 h after the
last dose) relative to dosing on day 10 for PPi and PLP as-
sessment; samples for ALP were collected during follow-up.

In the SAD study only, blood samples to assess PEA
were collected at predose and at 1, 2, 6, 12, and 24 h post-
dose. Urine samples were also collected at various inter-
vals from predose to 72 h postdose for PEA assessment.
PEA was not assessed in the 3-mg and 10-mg dose cohorts
or in the MAD study.

Blood specimens were centrifuged immediately to yield
plasma for PPi, PLP, and PEA analysis and serum for the
ALP activity assay. ALP activity was analyzed following the
conventional International Federation of Clinical Chemistry
method with 4-nitrophenyl phosphate as a substrate within
the clinical unit (Roche Cobas, Roche Diagnostics).19 Frozen
plasma and urine specimens were shipped and analyzed
at analytical laboratories. Plasma PLP (vitamin B6) levels
were determined using a commercially available LC-MS/
MS assay (LabCorp).” PEA levels were evaluated in plasma
and urine using a commercially available assay at Genova
Diagnostics. PPi levels were determined using ATP sulfury-
lase at QPS, as previously described.®

Statistical analysis

In both the SAD and MAD studies, the safety analysis set
included subjects who received greater than or equal to 1
dose of study drug. The PK analysis set included subjects
who received greater than or equal to 1 dose of DS-1211
and had greater than or equal to 1 corresponding meas-
urable plasma concentration; subjects receiving placebo
were not included for PK analysis. The PD analysis set
encompassed subjects who had received greater than or
equal to 1 dose of study treatment and had greater than
or equal to 1 corresponding PD assessment. Data from
placebo-treated subjects were pooled for PD analysis.

Demographics, safety data, and PK and PD assess-
ments were summarized using descriptive statistics in-
cluding sample size (n), mean, SD, median, minimum,
maximum, frequency, and percentages, as appropriate.
Noncompartmental analysis was used for PK analysis.
The relationship between dose and exposure parameters
(Cpax» AUC,, and AUC;,;) was examined graphically.
Dose-proportionality based on C,,,, AUC,,, and AUC,,,
(150 mg b.i.d. cohort only) was assessed using a power
model and dose-normalization approach.

Percent change from baseline for PD data was described
numerically and graphically by subject for each applicable
PD parameter. The last assessment prior to the first dose of
DS-1211 was defined as baseline. Data were summarized
by dose cohort and study day, if applicable. All analyses
were performed using SAS version 9.3 (SAS Institute).

RESULTS
Demographics and baseline characteristics
Fifty-six subjects were randomized across seven cohorts

in the SAD study (DS-1211: n = 42; placebo: n = 14),
and 40 subjects were randomized across five cohorts
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in the MAD study (DS-1211: n = 30; placebo: n = 10).
All randomized subjects completed the SAD study; one
subject withdrew from the MAD study due to TEAEs.
Subject demographics and baseline characteristics were
comparable between the studies. The mean (SD) ages of
subjects were 31.9 (6.7) years and 31.7 (7.2) years for the
SAD and MAD studies, respectively (Table 1). The SAD
and MAD studies included 37 (66%) and 20 (50%) female
subjects, respectively.

Safety
Single ascending dose

Overall, 16 TEAEs were reported from 14 (25%) subjects
(Table 2). Seven (12.5%) subjects experienced a total of
eight (50%) drug-related TEAEs; of these, two occurred
in two subjects receiving placebo. Most TEAEs were mild
and none were severe. No subject discontinued the study
due to TEAEs and there were no deaths or serious ad-
verse events (SAEs). The most common TEAE was head-
ache (5.4%), followed by abdominal pain (3.6%; Table S2).
Types of TEAE frequency did not increase in a dose-
ordered manner. Subjects receiving DS-1211 experienced
TEAESs at a rate comparable to that of subjects receiving
placebo (Table 2).

Multiple ascending dose

In the MAD study, 27 TEAEs were reported from 16
(40%) of 40 subjects (Table 2). Seven (17.5%) subjects
experienced 14 (51.8%) drug-related TEAESs; of these,
three occurred in two subjects receiving placebo. There
were no deaths or severe TEAESs, and a majority (69%)
of subjects experienced mild TEAEs. One subject dis-
continued the study due to experiencing two TEAESs:
mild diarrhea and moderate hemorrhoids (Table S2).
Across all treatment groups, the most common TEAEs
were anemia (7.5%), headache (7.5%), and constipa-
tion (5.0%). There was no dose-ordered relationship of
TEAESs, and the rate of TEAEs observed in the placebo
group was comparable to that in the 10-, 100-, and 300-
mg DS-1211 cohorts (Table 2).

Pharmacokinetics

Single ascending dose

After oral administration, DS-1211 was quickly absorbed
with a median T,,, of 0.5-1.0 h (across a 3-3000-mg

ASCPT

dose range). DS-1211 exposure increased with dose
(Figure 1a,b), with an approximate dose-proportional in-
crease from 3-100 mg; increases were less than dose pro-
portional greater than 100 mg (Figure 2a,b). The mean
half-life (SD) ranged from 1.4 (0.2) to 2.5 (1.0) h over a
dose range of 3-30 mg. At dose levels greater than 30 mg,
longer mean t,,, estimates were observed, ranging from
11.5 (9.4) to 38.4 (24.2) h (Table 3).

Multiple ascending dose

During multiple dosing, DS-1211 was rapidly absorbed
and plasma concentration increased rapidly in all dose
groups, with a median T, of 0.5-1.0 h postdose on day 1
and day 10 (Figure 1c,d). The highest mean C,,,, (SD) were
3590 (1237) ng/ml and 4555 (889) ng/ml on days 1 and
10, respectively, in the 300 mg q.d. cohort (Table 3). The
mean half-life (SD) for all doses was ~2 h and was similar
on day 1 and day 10. The C,,,, AUC,,, and AUC,,, dem-
onstrated an approximate dose-proportional increase for
dose levels of 10-100 mg g.d. and 150 mg b.i.d. (based on
the exposure after the morning dose) on day 1 and day 10;
increases were less than dose proportional for the 300 mg
q.d. dose (Figure 2c,d). There was no apparent accumu-
lation following multiple administrations of DS-1211 at
10-100 mg qg.d., and minimal accumulation occurred with
300 mg q.d. and 150 mg b.i.d.

Pharmacodynamics
Single ascending dose

Overall, the degree of ALP inhibition correlated with
increasing exposures of DS-1211. Inhibition of ALP
activity was observed as early as 0.5 h postdose and
reached a maximum mean (SD) change from baseline
of -58.5% (8.4) at the highest 3000-mg dose at 1 h post-
dose, which approximately corresponds to the T, for
DS-1211 plasma concentration (Figure 3a). There was
a concomitant and dose-dependent increase in PPi,
reaching a maximal mean (SD) change from baseline of
147% (30) at 6 h postdose for the highest 3000-mg dose
(Figure 3b). Similarly, dose-ordered PLP increases were
observed in all treatment groups, with a peak at 6 h for
dose cohorts of 100 mg or higher, and they reached ap-
proximately >10-fold increases from baseline at the
highest 3000-mg dose (Figure 3c). In subjects receiving
1000 and 3000 mg, PLP remained elevated from baseline
48 h postdose. Plasma PEA increased from baseline at
1 hin an apparent dose-dependent manner, with a max-
imal mean change from baseline (SD) of 1271% (486)
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FIGURE 1 Mean (SD) plasma concentration after administration of DS-1211 for (a) and (b) single ascending dose study, (c) multiple
ascending dose study day 1, and (d) multiple ascending dose study day 10. Plasma concentration for the multiple ascending dose 150 mg
b.i.d. is reported for the first morning dose. BID, twice daily; QD, once daily; SD, standard deviation

(Figure S2). Urinary PEA was highest at the 0- to 4-h
time point for all assessed doses; PEA levels remained
above baseline through 48-72 h for the 100-3000-mg
doses (Table S1). All biomarkers returned close to pre-
dose levels within 24 h postdose, except the 1000- and
3000-mg doses, which still had substantially elevated
PLP and PEA at the 24-h time point.

Multiple ascending dose

Exposure-dependent ALP inhibition was observed be-
tween 0.5 and 6 h postdose on both day 1 and day 10. The
maximum decrease in ALP activity occurred in the 300-
mg q.d. dose with a maximal mean (SD) change from base-
line of —53.5% (8.1) at 1 h postdose on day 1, and -47.4%
(10.5) at 0.5 h postdose on day 10 (Figure 4a). There was
a dose-dependent increase in PPi across all doses, peaking
between 1 and 2 h postdose (Figure 4b); subjects receiv-
ing 150 mg b.i.d. had a maximal mean (SD) increase from
baseline of 155% (53) and 258% (138) at 2 h postdose on
day 1 and day 10, respectively (Figure S3). Similarly, there
was a dose-dependent increase in PLP concentration with
increasing doses of DS-1211 administered on day 1 and
on day 10 (Figure 4c). Concentration of PLP increased
after a single dose of DS-1211, with the greatest increase
from baseline observed at 6 h postdose in subjects receiv-
ing the highest daily dose of 300 mg on day 1. In subjects

receiving 150 mg b.i.d., PLP peaked ~14 h after the first
daily dose. PLP was still elevated at 12 h after the first 150-
mg dose (end of the dosing interval) and at 2 h after the
second daily dose; an additional increase was observed,
resulting in the daily maximum PLP. The increases in PLP
concentration on day 10 were similar to those on day 1 in
subjects that received q.d. dosing. In contrast, in subjects
that received 150 mg b.i.d., on day 10, there were mark-
edly elevated PLP levels at predose (12 h postdose on day
9) and a reduced response postdose on day 10.

DISCUSSION

These studies evaluated the safety, tolerability, PKs, and
PDs of the DS-1211 molecule in healthy adults. The results
described here represent the first clinical characteriza-
tion of a TNAP-specific inhibitor. DS-1211 demonstrated
a favorable safety profile and was well-tolerated with no
dose-limiting toxicities up to 3000 mg in single oral doses
and up to 300 mg q.d. and 150 mg b.i.d. in repeated oral
doses for 10 days. In the SAD and MAD studies, DS-
1211 systemic exposure increased over 200-fold (dose
range of 3-3000 mg) and more than 20-fold (dose range
of 10-300 mg/day), respectively. Overall, the increase in
exposure was dose-proportional up to ~150 mg, with a
subsequent increase that was less than dose-proportional.
This indicates absorption-limited kinetics of DS-1211
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FIGURE 2 Dose-normalized plasma pharmacokinetic parameters of DS-1211 (a) C,,,, of single ascending dose, (b) AUC,, of single

ascending dose, (c) C,,.x day 1 and day 10 of multiple ascending dose, and (d) AUC,, day 1 and day 10 of multiple ascending dose. All doses
of DS-1211 shown were received once daily. *Data shown for 150 mg b.i.d. cohort are 2 X AUC,,,,. The last sampling for the q.d. cohorts was
24 h; therefore, AUC,, captured the postdose 24-h period and AUC,, is reflective of AUC,,, in these cohorts. AUC,,, area under the curve
to last measurable concentration; AUC,,,, area under the curve during dosing interval; BID, twice daily; C,,,,, maximum concentration; QD,

once daily

following oral administration. PD changes were consist-
ent with the mechanism of action of this TNAP inhibitor,
including the dose-ordered inhibition of ALP activities
and dose-ordered elevation of the TNAP substrates, PPi,
PLP, and PEA.

The wide dose range in the SAD study covered expo-
sures 1/10th to greater than or equal to 100-fold of the ex-
posure at the pharmacological active dose in nonclinical
studies (manuscript in preparation). The starting dose of
3 mg was selected for this initial clinical study in humans
based on the human equivalent doses calculated by allo-
metric scaling with body surface area from the dose level
at which no adverse effects were observed in the most
sensitive species, the monkey, from the toxicology assess-
ment. Overall, DS-1211 half-life is short, ~2 h at the dose
range of clinical interest (up to 30 mg). After a single dose
of DS-1211, ALP activity was inhibited, and the concen-
tration of ALP substrates, plasma PPi, and PLP increased
transiently and dose-dependently, consistent with ALP
inhibition. Increases in plasma and urinary PEA were
also observed. Pharmacological activities of DS-1211, by

inhibition of ALP and increases in PPi and PLP, became
observable starting at 10 mg. The time profile of ALP in-
hibition follows the plasma concentration time profile
of DS-1211 with no rebound effect. The activity of ALP
and its substrates generally returned toward baseline lev-
els within 24 h postdose, except at the highest 1000- and
3000-mg doses. Consistent with the ALP inhibition at the
highest doses, PPi and PLP levels were still elevated after
24 h.

In the MAD study, after repeated daily dosing of DS-
1211 in healthy subjects for 10 days, the safety and PK
profiles of DS-1211 were as predicted from the SAD study.
There was no accumulation of plasma exposure follow-
ing g.d. administration of DS-1211 10 mg-100 mg and a
small degree of accumulation observed with 300 mg q.d.
and 150 mg b.i.d. doses. In the MAD study, AUC,,, fol-
lowing the morning dose of the 150 mg b.i.d. cohort was
used to compare daily plasma exposure and assess dose-
proportionality. For this cohort, AUC,,, was more appro-
priate than AUC,,, as the limited PK sampling did not
accurately capture the PK profile following the evening
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TABLE 3 Plasma pharmacokinetic parameters for DS-1211 by dose

SAD study
3 mgq.d. 10 mg q.d. 30 mg q.d. 100 mgq.d. 300 mg q.d. 1000 mg q.d. 3000 mg q.d.
n==6 n==6 n==6 n==6 n==6 n==6 n==6
C o NE/m1 70 (20) 191 (45) 635 (180) 2580 (809) 3940 (1690) 5790 (3690) 11,500 (4280)
T B 1.0(0.5-1.5) 1.0(0.5-1.0)  0.5(0.5-1.0) 0.8(0.5-1.5)  0.5(0.3-1.5) 0.8 (0.3-1.1) 1.0 (1.0-1.0)
ty h 1.4 (0.2) 1.4 (0.2) 2.5(1.0) 11.5 (9.4)* 19.8 (11.5) 38.4 (24.2) 30.8 (13.0)¢
AUC,, ng «h/ml 165 (52) 465 (122) 1510 (430) 6930 (1980) 11,600 (2420) 17,400 (3010) 33,100 (7670)
MAD study
10 mg q.d. 30 mg q.d. 100 mg q.d. 300 mg q.d. 150 mg b.i.d.
n==6 n==6 n==6 n==6 n==6
Cnaxr day 1, ng/ml 208 (54) 557 (179) 1903 (565) 3590 (1237) 3102 (462)
Tpae day 1, h 1.0(0.5-1.0) 0.8 (0.5-1.0) 0.8 (0.5-1.5) 0.5 (0.5-0.5) 0.5 (0.5-1.0)
t,» day 1, h 1.6 (0.2) 1.6 (0.2) 2.2(0.7)° 3.0 (NC)° 1.9(0.2)
AUC,,,day1,ng « h/ml 540 (141) 1293 (286) 4681 (1375) 9747 (2996) 15,820 (4432)
Cnax> day 10, ng/ml 203 (55) 560 (199) 1965 (756) 4555 (889) 3608 (434)
T, day 10, hf 0.5(0.5-1.0)  0.5(0.5-1.0) 0.5 (0.5-1.0) 0.5 (0.5-1.0) 0.5 (0.5-1.0)
t,)» day 10, h 1.7(0.3) 2.8(1.6)° 2.4 (0.5 NC 2.0 (0.2)?
AUC,,, day 10, ng « h/ml 517 (124) 1284 (231) 4274 (986) 11,999 (1100) 18,862 (5392)*

Note:: All data shown as mean (SD), unless otherwise indicated.

Abbreviations: AUC,,, area under the curve to last measurable concentration; b.i.d., twice daily; C,,,,, maximum concentration; MAD, multiple ascending
dose; NC, not calculated; q.d., once daily; SAD, single ascending dose; SD, standard deviation; t, ,,, terminal half-life; T, time to C,,,,.

ACalculated on the basis of n = 5 subjects.
®Calculated on the basis of n = 2 subjects.
“Calculated on the basis of n = 3 subjects.
dCalculated on the basis of n = 4 subjects.
“Calculated on the basis of n = 1 subject.

‘Data shown as median (range).

dose during the b.i.d. regimen. AUC,,, was selected instead
of AUC,,, for the q.d. cohorts due to some subjects having
concentrations measured slightly outside the 24-h win-
dow for AUC,,,. For the g.d. cohorts, the last blood sam-
ple was collected at 24 h; therefore, AUC,, captured the
postdose 24-h period, and AUC,,, is reflective of AUC,,, in
these cohorts. Dose-dependent decreases in ALP activity
were observed, with dose-dependent increases in plasma
PPi and PLP levels after DS-1211 administration on day 1
and day 10, further confirming the mechanism of action
of DS-1211 as a TNAP inhibitor. The activity of ALP and
its substrates returned to baseline levels within 24 h post-
dose at most doses on day 1 and day 10.

Although there was a wide range of systemic exposure
to DS-1211 in both SAD and MAD studies, there was no
trend or dose-ordered relationship in the frequency, type,
or drug-relatedness of TEAEs across the placebo or DS-
1211 treatment groups. Common TEAEs reported in this
study were headache, anemia, and constipation, occurring
in the placebo group as well and not uncommon in daily
living."** Further studies should determine potential AEs
associated with long-term use in patients.

Markedly reduced PPi is associated with ectopic cal-
cification diseases such as GACI, ACDC, and PXE.?*
Because PPi is hydrolyzed and inactivated by TNAP, inhi-
bition of TNAP is potentially a viable therapeutic approach
for treatment of these diseases by increasing endogenous
PPi levels. In both the SAD and MAD studies, plasma PPi
increased with DS-1211 within 2 h of treatment, reaching
a maximal concentration a few hours after the maximal
DS-1211 concentration. This treatment-related increase in
PPi was not attenuated after repeated dosing over 10 days.
Taken together, the observed decrease in ALP activity and
increases in PPi, PLP, and PEA are consistent with the
mechanism of TNAP inhibition and confirms target en-
gagement in humans. This also indicates potential thera-
peutic application of DS-1211 in ectopic calcification.

As TNAP accounts for the majority of the circulating
ALP activity, plasma ALP measurements can accurately
approximate the TNAP activity and its inhibition in lieu
of a TNAP-specific assay.'**> However, it should be noted
that, in this study, the standardized autoanalyzer ALP
assay system required a 51-fold dilution of the plasma
sample. Therefore, the reported inhibition is likely an
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underestimation of true inhibition due to dilution of DS-
1211 in the assay. Nonetheless, inhibition of TNAP en-
zymatic activity was consistently demonstrated after the
administration of DS-1211 by increases in the endogenous
substrates PPi, PLP, and PEA.

Prolonged or excessive inhibition by TNAP inhib-
itors risks recapitulating the condition of HPP, a rare

Hours postdose

mineralization disorder caused by accumulation of PPi in
the extracellular matrix.>?* In the SAD and MAD studies,
transient decreases in ALP and dose-dependent increases
in plasma PPi and PLP levels were consistently observed
after DS-1211 administration; PPi returned to base-
line level before the next dosing in 30- and 100-mg dose
groups, whereas PLP elevations were more pronounced
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and prolonged at 100- and 300-mg dose levels. The PPi
levels in PXE patients are reported to be about 50% of that
in healthy individuals.®>?® Therefore, a two-fold increase
from baseline observed in these phase I studies in healthy
subjects may produce PPi elevations in PXE patients that
are within the normal range. The PPi and PLP data sug-
gest that a dose less than 100 mg may provide a better bal-
ance between achieving a sufficient two-fold PPi increase
without excessive PLP elevation.

Interpretations of these results are limited by the scope
of these clinical studies in healthy subjects for a short
duration of up to 10 days, with evaluation of short-term
biomarker responses relevant to the TNAP mechanism

of action and TNAP inhibition methodology. The SAD
study had a wide range of doses with a small sample size
and was not powered as a formal dose-proportionality
trial. Plasma half-life in the SAD study varied with dose,
which is likely an artifact of sampling time and quanti-
fiable plasma concentrations over the wide dose range
using a validated LC-MS/MS method. At low dose levels
(£30 mg), plasma concentrations of DS-1211 were detected
through only 8-12 h postdose for most subjects, and the
elimination phase may not have been well-characterized.
At higher doses, plasma concentrations were measurable
over a longer sampling period, generating a half-life that
may not be clinically meaningful. Half-life is challenging to
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accurately assess in first-in-human studies, especially with
low sample sizes and wide dose ranges. In this study, t,,,
values in the target clinical dose range (10-100 mg) were
well-characterized. The estimated t,,, values beyond the
dose-proportional range may not reflect the effective half-
life, as minimal accumulation was observed during multi-
ple dosing in the subsequent MAD study. Some limitations
of the SAD study were addressed by the MAD study, but it
still had a small sample size, limiting the strength of com-
parisons between cohorts. Last, these safety, PK, and PD re-
sults were reported from healthy subjects and will need to
be further evaluated in patients with ectopic calcification.

CONCLUSIONS

Healthy subjects appeared to tolerate a wide range of
doses of DS-1211, and PD data suggests DS-1211 inhibits
TNAP activity. The findings of these studies support fur-
ther investigation of the efficacy and safety of DS-1211 in
populations vulnerable to ectopic calcification.
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