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Abstract

Low dose enteric-coated aspirin (EC-ASA) is routinely used for secondary cardiovascular event prevention. However,
absorption of EC tablets is poor, which can result in subtherapeutic antiplatelet effects. Phospholipid-aspirin liquid filled
capsules (PL-ASA) are a novel FDA-approved immediate-release formulation designed to reduce gastrointestinal (GI)
injury by limiting direct contact with the stomach lining. We compared the pharmacokinetic (PK) and pharmacodynamic
(PD) profiles of PL-ASA versus EC-ASA at a low dose. This randomized, open-label, crossover study assessed PK and PD
following a single 81-mg dose of PL-ASA versus EC-ASA under fasting conditions in 36 volunteers without cardiovascular
disease between 18 and 75 years of age. Volunteers were randomly assigned 1:1 to either PL-ASA then EC-ASA or vice versa
with a minimum 14-day washout. Assessments included PK parameters for acetylsalicylic acid and salicylic acid, platelet
aggregation in response to arachidonic acid (AA), and serum thromboxane B2 (TxB,) assessments over 24 h. PL-ASA
was rapidly absorbed. PL-ASA reached T, 3 h earlier (1.01 vs. 4.00 h, p<0.0001), with almost double the C,, (720 vs.
368 ng/mL, p <0.0001) and overall 44% higher exposure of acetylsalicylic acid (AUC,: 601 vs. 416 h*ng/mL, p=0.0013)
compared with EC-ASA. Within 1 h of dosing, PL-ASA achieved significantly lower residual platelet aggregation, which
persisted for the full 24 h (median AA-LTA was 47% with PL-ASA vs. 80.5% with EC-ASA; p=0.0022 at hour-24). Treat-
ment with PL-ASA also resulted in significantly lower serum TxB, concentrations at each time point compared with EC-
ASA (all p-values < 0.05). PL-ASA resulted in faster and more complete aspirin absorption paralleled by more prompt and
potent platelet inhibition compared with EC-ASA after a single 81 mg dose. PL-ASA represents an attractive novel aspirin
formulation for the secondary prevention of cardiovascular events.

Clinical Trial Registration ClinicalTrials.gov identifier: NCT04811625.
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¢ A novel liquid capsule phospholipid aspirin (PL-ASA)
formulation specifically designed to limit direct con-
tact with the gastric mucosa has been determined to be
bioequivalent to immediate-release aspirin, with better
absorption and more predictable and complete antiplate-
let effect compared to EC-ASA at the 325 mg dose.

e The PL-ASA 81 mg PK-PD profile is consistent with
previous PK-PD studies with 325 mg and demonstrates
rapid, predictable, and potent absorption and antiplatelet
effects.

e The 81 mg PL-ASA formulation with optimized PK-PD
characteristics represents an attractive alternative to EC-
ASA for secondary prevention of cardiovascular events.

Introduction

Atherosclerotic cardiovascular disease (ASCVD) is the
leading cause of morbidity and mortality globally, and life-
long medical therapy including antithrombotic protection is
recommended. However, recurrent events in patients with
ASCVD still occur, including an estimated 335,000 myocar-
dial infarctions (MI), and 185,000 strokes on annual basis
in the U.S. alone [1]. Aspirin remains a cornerstone therapy
for secondary ASCVD prevention [2-7], although its role
in primary prevention is now limited to certain high-risk
patients [8, 9].

Although effective as an antiplatelet agent and recom-
mended as a first-line therapy for patients with ASCVD,
plain, immediate-release aspirin is associated with gastroin-
testinal (GI) injury, even at low doses [10]. One component
of gastric injury is attributable to a direct, local effect on
the gastric mucosa. Although the relative contributions of
systemic and local injury have not been fully determined,
local injury is thought to play an important role. Plain aspi-
rin associates with the protective hydrophobic phospholipid
layer of the stomach mucosa and changes the nature of the
layer, increasing the ability of stomach acid to erode and
attack the lining and allow local acute injury [11]. In an
effort to reduce GI injury, a delayed release formulation
enteric-coated aspirin (EC-ASA) was developed and is
currently widely used for secondary cardiovascular event
prevention, usually at doses of 75-100 mg daily. However,
whether EC-ASA reduces GI toxicity remains debated [12,
13]. Further, EC-ASA is associated with considerable vari-
ability in aspirin absorption and resultant antiplatelet effect
[14-16].

PL-ASA is a novel phospholipid-aspirin complex admin-
istered in liquid filled capsules designed to mitigate gastric
injury by limiting direct contact of aspirin with the stomach
lining [17]. The pre-associated phospholipid-aspirin com-
plex (PLxGuard™ delivery platform, PLx Pharma, Sparta,
NJ) remains together in low pH environments, such as the
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stomach, thereby limiting free aspirin contact with the gas-
tric mucosa [18]. A clinical endoscopy study in healthy sub-
jects randomized to 7 days of either PL-ASA or plain aspirin
at a 325 mg dosing regimen showed a 47.4% reduction in
the composite of gastroduodenal erosions or ulcers, and 71%
fewer ulcers with the novel formulation [10].

Previous studies have also established the bioequivalence
of 325 mg PL-ASA to immediate-release aspirin according
to FDA bioequivalence criteria [19]. An additional study
comparing the 325 mg dose in obese subjects with diabetes
mellitus validated both the pharmacokinetic (PK) and phar-
macodynamic (PD) bioequivalence of PL-ASA and plain,
immediate-release aspirin (IR-ASA) and also demonstrated
the delayed and reduced aspirin absorption associated with
3-day dosing of EC-ASA that resulted in reduced antiplatelet
effects compared with either plain or PL-ASA formulations
[20]. PL-ASA is approved as an immediate-release, over-
the-counter aspirin formulation by the FDA.

The current study assessed the PK (absorption and dis-
tribution) and PD (antiplatelet) profiles of an 81 mg dose
of the approved PL-ASA formulation, with comparison to
EC-ASA.

Methods
Study design and study population

This first in human study was a randomized, open-label,
crossover study assessing PK and PD profiles follow-
ing treatment with a single 81 mg dose of PL-ASA or
EC-ASA under fasting conditions in 36 subjects without
known ASCVD or other acute medical conditions. The
study was conducted in accordance with the principles
of the Declaration of Helsinki in place at the time of
study conduct, and in compliance with the International
Council for Harmonisation (ICH) E6 Guideline for Good
Clinical Practice (GCP) (European Medicines Agency
[EMA]/Committee for Medicinal Products for Human
Use [CHMP]/ICH/135/1995). The study initially started
with an age limit of 50 to 75 years of age, but after enroll-
ment of the first 26 subjects, the protocol was amended
to allow inclusion of all adults from 18 to 75 years of
age to facilitate enrollment during the coronavirus pan-
demic. The study was approved by WCG™ Institutional
Review Board and conducted at the University of Florida,
Jacksonville between April 29, 2021 (first screening) and
September 15, 2021 (last follow-up). Study subjects were
randomly assigned at a 1:1 ratio to either PL-ASA fol-
lowed by EC-ASA or EC-ASA followed by PL-ASA with
a minimum 14-day washout period between the two study
drug administrations. Subjects refrained from eating or
drinking (except for water) for at least 10 h overnight and
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abstained from alcohol for 48 h prior to dosing. A stand-
ard lunch and dinner were provided 4 h and 10 h after
study drug administration (within 30 min after the 4 and
10 hour blood draws) respectively, and a snack was given
after the hour 12 blood draw. Then subjects refrained from
eating and drinking (except for water) until they completed
their hour 24 blood draw on Day 2, after which they were
allowed to eat and drink fluids but continued abstinence
from alcohol for another 24 h (total 48 h after the drug
administration). Both study drugs were swallowed whole
and not chewed under direct observation by the study coor-
dinator, with 240 mL water provided at the time. After
each drug administration, an oral cavity inspection was
conducted to make sure the drug was taken. Inclusion and
exclusion criteria are shown in Supplemental Table 1.

A critical eligibility criterion for enrollment was a
screening blood test result of > 60% arachidonic acid
(AA)-induced platelet aggregation using light transmis-
sion aggregometry (LTA), indicating normal platelet func-
tion. If a subject’s assay for screening indicated a level of
aggregation below 60%, the subject could be re-screened
at the discretion of the investigator, after a few additional
days of abstaining from aspirin or other nonsteroidal anti-
inflammatory drugs (NSAID). Importantly, this eligibility
criterion was also required to be met prior to the dosing of
the first and second phases of the study.

Pharmacokinetic assessments

Blood samples for PK assessments were collected at base-
line (within 3 h prior to study drug administration) and at
15, 30, 60, 90 min and 2, 3,4, 5, 6,7, 8, 10, 12, and 24 h
post study drug administration. Approximately 6 mL of
blood was taken into sodium fluoride/potassium oxalate
collection tubes, placed on ice, and centrifuged at 4 °C
for plasma isolation. The resulting plasma was stored at
-70 °C until analysis. The plasma assay was conducted
by Frontage Laboratories Inc. (Exton, PA). Salicylic acid
and acetylsalicylic acid plasma levels were determined by
using a valid High Performance Liquid Chromatography
with tandem Mass Spectrometry (LC-MS/MS) method
[21]. The validated method has a lower limit of quanti-
tation of 50 ng/mL for salicylic acid and 20 ng/mL for
acetylsalicylic acid.

PK parameters were assessed for both acetylsalicylic acid,
and its more stable primary metabolite salicylic acid [22].
The primary PK parameters were area under the curve for
both the maximal study duration (AUC,, ) and extrapolation
to infinity (AUC,,;,s), maximum concentration (C,,,), and
time to reach maximum concentration (T,,,,). The full list
of PK parameters of acetylsalicylic acid and salicylic acid
are shown in Supplemental Table 2.

Pharmacodynamic assessments

Assessments included extent of platelet aggregation follow-
ing AA and collagen stimuli using LTA and thromboxane
B2 (TxB,) level measurements [23, 24]. The full list of PD
parameters for TxB, are shown in Supplemental Table 3.

Blood samples for platelet aggregation assessments were
taken at baseline and at 1, 3, 6, 8, and 24 h post study drug
administration and collected in sodium citrate for the meas-
urements of platelet aggregation by LTA in response to con-
ventional cyclooxygenase-1 (COX-1)-related platelet ago-
nists (AA and collagen) after study treatment. Blood samples
were centrifuged to prepare platelet rich plasma (PRP) and
subsequently, platelet poor plasma (PPP). For the platelet
aggregation assay, the PRP sample was incubated for 10 min
at 37 °C. Platelet aggregation was induced at 37 °C with
constant stirring (1000 RPM) by arachidonic acid (0.5 mg/
mL, BioData Corporation, Horsham, PA) or type I fibrillar
collagen (4 ug/mL, Chronolog Corporation, Haversham, PA)
on an optical platelet aggregometer (Chronolog Corporation,
Haversham, PA). The maximal and late (6 min) readings of
platelet aggregation were recorded. Each sample was ana-
lyzed within 2 h after the sample was taken.

Samples for measurement of serum TxB, concentration
were taken at baseline and at 30 min, and 1, 2, 3, 4, 6, 8,
10, and 24 h after study drug administration. For the TxB,
assay, samples were incubated immediately (mostly within
1-5 min, and never longer than 30 min from sampling), for
1 h at 37 °C. Serum was obtained and then frozen at— 70 °C
until analysis. TxB, assay was conducted by University of
Vermont Colchester Research Facility (Colchester, VT) [25].
Serum samples were thawed and a consistent dilution of
1:10 with the ELISA kit (Enzo Life Sciences, Farmington,
NY) assay buffer was performed with each sample. Because
of a systematic error in sample processing for the TxB, sam-
ples that was not discovered until several subjects had been
dosed and processed, there were only 17 paired (both study
drug doses) and 4 single samples (3 with PL-ASA, 1 with
EC-ASA) available for analysis.

All laboratory personnel involved were blinded to treat-
ment allocations.

Safety assessments

Safety and tolerability were assessed through collection of
adverse events (AEs), clinical laboratory assessments, vital
signs, and physical examination findings.

Statistical methods

Four study populations were defined. The Safety Popu-

lation consisted of all volunteers who were randomized
and received any study drug. The next three populations
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consisted of all subjects who received at least one dose
of study drug and did not have any major protocol devia-
tions, and additionally, the PK population consisted of
all subjects who had sufficient concentration—time data
to calculate at least one key parameter (AUC,,, AUC,_,
or C,,.); the PD LTA population consisted of all subjects
who had sufficient platelet aggregation data; and the PD
TxB, population consisted of all subjects who had suf-
ficient serum TxB, concentration data.

Summary statistics consisted of frequencies and per-
centages of responses in each category for discrete meas-
ures and of count, means, standard deviations (SDs),
coefficient of variations (CVs), medians, minimums and
maximums, and geometric mean values for continuous
measures, and were presented by treatment.

The PK and PD primary parameters (such as AUCs,
T,.x and C_,,) were determined by implementation of
a noncompartmental analysis (NCA) using the validated
software program Phoenix WinNonlin Professional ver-
sion 8.3 (Certara Inc, Mountain View, CA). The PK and
PD parameters were calculated by an independent group
(Projections Research Inc. Phoenixville, PA).When fea-
sible, AUCs were calculated by a combination of linear
trapezoidal methods on concentrations up and logarithmic
trapezoidal methods on concentrations going down (Linear
Up/Log Down method). In addition, at least two concen-
tration values occurring after T,,, were needed for cal-
culation of an AUC,; at least four concentration values,
three of which must have occurred after T,,,, were needed
for calculation of an AUC, .. T .. and C, ., were obtained
by visual inspection of the concentration—time profiles.
A minimum of 3 concentration samples were required to
derive T, and C,.. In the event of two or more identi-
cal “peak” concentrations, the earlier value was reported.

The AUCs and C,,, analyses were performed on
log-transformed parameters using a linear mixed-effect,
repeated-measures ANOVA model with treatment, period,
and sequence as fixed effects and subject as a random
effect. The geometric least square mean ratio (GLSMR) of
PL-ASA to EC-ASA, 95% CI, and p-value were obtained
from model.

As part of PD evaluation, incidence of aspirin response
based on various definitions was calculated as number of
subjects who met the aspirin response definition divided by
a total of subjects who either met or failed the definition. The
subjects whose results could not be determined due to miss-
ing data were excluded from the denominator. The p-value
of the incidence difference between PL-ASA and EC-ASA
was determined by using McNemar’s Exact test consider-
ing the nature of binary matched-pairs data. The time to
achieve an aspirin response was analyzed by using a linear
mixed-effect, repeated-measures ANOVA model with treat-
ment, period, and sequence as fixed effects and subject as a
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random effect. If a subject did not show a response, the time
to response was imputed as 24 h.

For PK and PD analyses, unless otherwise specified, a
0.05 significance level were used. Since the study was an
exploratory study without any hypothesis testing, no adjust-
ments were made for multiplicity comparisons.

Results

A total of 36 volunteers were enrolled, dosed with two
drugs, and completed the study. Demographic character-
istics are listed in Supplemental Table 4. There were 10
males and 26 females, with a mean age of 49 years (median
52 years, range 22—69), reflecting the initial inclusion crite-
ria of > 50 years. A total of 26 were White, 6 were Black and
4 were other designations. The median weight of subjects
was 98.25 kg (range 62.6 to 171.0 kg), mean (SD) body
mass index (BMI) was 34.49 (8.51) kg/m2 (from 21.4 to
62.7 kg/m2), with 26 (72.2%) of subjects classified as obese
(BMI>30 kg/mz). There were no deaths, serious adverse
events or adverse events that led to discontinuation of study
drug. All treatment-emergent adverse events were reported
recovered/resolved by the end of the study.

Pharmacokinetic (PK) results

Values for AUC,, C,,, and T, for both acetylsalicylic
and salicylic acid demonstrated significantly faster and
more complete absorption (i.e., bioavailability) for PL-ASA
compared to EC-ASA. As shown in Fig. 1, median time to
maximum concentration (T,,,,) of acetylsalicylic acid and
salicylic acid for PL-ASA were reached approximately 3 h
earlier compared to EC-ASA, a difference that was statis-
tically significant (PK parameters are provided in Supple-
mental Table 5 for acetylsalicylic acid, and Supplemental
Tables 6 and 7 for salicylic acid).

The log-normalized ratios of acetylsalicylic acid con-
centration comparing PL-ASA to EC-ASA are shown in
Table 1. Overall, compared to EC-ASA, PL-ASA admin-
istration resulted in 44% higher exposure (AUC,,,), [Geo-
metric LS mean ratio (GLSMR) = 144%; p=0.0013], dou-
ble the maximum concentration (C,,.) (GLSMR =196%;
p<0.0001).

For the parameter AUC,, ., PL-ASA also showed higher
values for salicylic acid that did not reach statistical signifi-
cance. Similar comparisons of AUC,__, for acetylsalicylic
acid were inconclusive due to limited sample availability
with calculable values, especially during the critical first
hour following dosing when acetylsalicylic acid is known
to hydrolyze to salicylic acid rapidly within minutes of
drug administration (short half-life), and particularly for
EC-ASA dosing. As a result, the full characterization of the

max
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Fig. 1 Impact of the pharmaceutical formulation on aspirin’s (81 mg) disposition Plasma concentration time profiles of acetylsalicylic acid (A)
and salicylic acid (B) were compared in fasted volunteers (n=36) who received single doses of 81 mg PL-ASA and 81 mg EC-ASA.

Table 1 Statistical analysis of

. . Parameter PL-ASA EC-ASA Ratio (%) 95% CI p-value
log-normalized ratio of PL-ASA
to _lzllCP-I?SA for acetylse;igylic AUC,, (h*ng/mL)? 601 (41.1) 416 (53.7) 144 117-178 0.0013
acl parameters. — a
population (N=36) Cppax (ng/mL) 720 (33.7) 368 (80.3) 196 148-259 <0.0001
T, (WP 1.01 (0.47,3.03)  4.00 (1.50, 6.63) <0.0001

The AUC, and C

max analyses were performed on log-transformed parameters using a linear mixed-effects

ANOVA model with treatment, period, and sequence as fixed effects and subject as a random effect

AUC, ,area under curve from time zero to last measurable concentration, C,,, maximum concentration,
Clconfidence interval, #hour, PK pharmacokinetic

4Geometric least square mean (coefficient of variation, %)

"Median (range)

acetylsalicylic acid PK profiles was impacted, and interpre-
tation of this particular parameter between PL-ASA and EC-
ASA was limited.

Overall, the PK results showed that PL-ASA had faster
onset and more complete bioavailability than EC-ASA at
single dose of 81 mg.

Pharmacodynamic (PD) results
Light transmission aggregometry (LTA)

Median maximum platelet aggregation values after addition
of AA to plasma samples at various timepoints are depicted
in Fig. 2. PL-ASA demonstrated significantly faster platelet
inhibition and lower residual platelet activity compared to
EC-ASA at all measured time points after baseline, with
the difference becoming significant within the first hour fol-
lowing study drug administration. At the final assessment
time point of 24 h, PL-ASA treatment was associated with

100

P<0.0001
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=@ «EC-ASA -
-

60

40

Median % Aggregation (Maximal)

20

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hr)

Fig.2 Arachidonic acid-induced platelet aggregation assessed by
LTA over time for PL-ASA and EC-ASA. Values are medians.
p-values were calculated by using mixed-effects, repeated-measure
ANOVA model with sequence, period, and treatment as fixed effects
and subject as a random effect
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approximately 50% residual aggregation, while EC-ASA
median residual aggregation was significantly higher at
approximately 80% (p=0.0022). A total of 29 of 36 (80.6%)
subjects in the PL-ASA group and 21 of 36 (58.3%) sub-
jects in the EC-ASA group demonstrated <20% A A-induced
platelet aggregation (p=0.0386). The median time to < 20%
residual aggregation was 2.93 h for PL-ASA and 6.18 h for
EC-ASA (p=0.0104).

The observations of higher incidence of responsiveness
and faster time to achieve responsiveness in the PL-ASA
group were consistent with the approximately 96% higher
C,.ax Of acetylsalicylic acid and a more complete bioavaila-
bility observed for PL-ASA as shown in the PK assessments.

Thromboxane B2 assessments

Analysis for TxB, was based on 21 subjects, only 17 of
which were paired for PL-ASA and EC-ASA dosing, due to
a systematic error in sample processing for the TxB, samples
that was not discovered until several subjects had been dosed
and processed. Among the 4 subjects who only had TxB,
data available for one treatment, three received PL-ASA and
one received EC-ASA.

The median serum TxB, concentration prior to drug
administration was 96.53 ng/mL and 100.5 ng/mL for PL-
ASA and EC-ASA, respectively, with no baseline difference
between the two treatment groups (p=0.2357). The median
serum TxB, concentration dropped to its lowest value of
66.16 ng/mL within 4 h after a single dose of PL-ASA, while
the median serum TxB, level only dropped to 85.17 ng/mL
after 8 h from the single dose of EC-ASA. Subjects treated
with PL-ASA had significantly lower serum TxB, concen-
tration at each post-dose sampling time point (all p-values
were < 0.05), compared to those when treated with EC-ASA
(Table 2; Fig. 3). Additionally, PL-ASA reached levels of
inhibition significantly faster than EC-ASA (Fig. 4).

Overall, PL-ASA administration at an 81 mg dose
resulted in more rapid, more potent, and more durable plate-
let inhibition assessed by AA-induced LTA and by TxB,
concentrations.

Discussion

The characteristics of PL-ASA were specifically designed to
help protect the GI lining from local injury [17] while reli-
ably delivering therapeutic aspirin levels in a bioequivalent
manner to plain, immediate-release aspirin. Enteric-coated
formulations were also developed in an attempt to limit
gastric injury, however, they have been shown to result in
unpredictable and incomplete aspirin absorption [22], under-
scoring the need to identify novel formulations to overcome
such limitations.
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Table2 Summary of serum TxB, concentration (ng/mL) at each time
point—PD TxB, population (N=21)

Time point PL-ASA (N=20) EC-ASA (N=18) p-value
median (min,

max)

Baseline 96.53 (73.4, 117.3) 100.5 (71.2, 117.2) 0.2357
0.5 h post 96.10 (46.0, 117.4) 101.8 (75.6, 117.3) 0.0287
1 h post 87.84 (26.5, 114.5) 98.27 (68.2, 119.4) 0.0005
2 h post 77.62(17.8,97.6) 98.89(61.8,114.3) <0.0001
3 h post 72.06 (0.8, 93.1) 96.55 (56.7, 116.3) 0.0004
4 h post 66.16 (11.5,98.6) 95.17 (40.9, 112.9) 0.0001
6 h post 7292 (17.7,94.8) 85.25(11.8, 108.5) 0.0039
8 h post 72.80(17.8,99.3) 85.17 (6.3, 110.3) 0.0412
10 h post 65.59 (14.1,99.7) 89.40 (54.2, 111.0) 0.0007
24 h post 73.66 (37.9,97.3) 81.49(39.3, 109.0) 0.0203

p-values were calculated based on a linear nixed-effects ANOVA
model with sequence, period and treatment as fixed effects and sub-
ject as random effect

ECenteric-coated, PDpharmacodynamic, SDstandard deviation,

TxB,thromboxane B,

The main findings of this prospective, randomized crosso-
ver PK-PD study are that a single dose of 81 mg of PL-
ASA resulted in rapid and complete absorption. PL-ASA
demonstrated faster and more complete absorption result-
ing in more rapid and durable levels of platelet inhibition
compared with EC-ASA. Further, one-third of the subjects,
when dosed with EC-ASA did not have quantifiable sample
readings within the 24 h period. These findings with 81 mg
are consistent with similar published observations with the
325 mg dose [19]. Importantly, because of the crossover
design of this study, the differential results observed can be
attributed to the differences in formulations rather than to
variability of individual responses.

PL-ASA 81 mg provided rapid and predictable platelet
inhibition as assessed by both AA-LTA and inhibition of
TxB, formation. For AA-LTA, a low level of residual plate-
let reactivity was observed within hours after administration
of PL-ASA, significantly lower than that observed after EC-
ASA administration.

Regarding inhibition of TxB, production, aspirin is unique
in its irreversible blockade of the COX-1 enzyme, resulting in
inhibition for the lifetime of a portion of platelets and there-
fore, a cumulative effect over several doses as more platelets
are inhibited. Although no single dose of 81 mg aspirin pro-
duces complete inhibition of TxB,, which may take several
doses to achieve [24], the greater extent and earlier effect
observed with PL-ASA compared to EC-ASA may result in
achievement of complete inhibition at an earlier point.

The observed PK-PD advantages of PL-ASA compared
to EC-ASA reported in this study are in line with the known
erratic and delayed absorption of EC-ASA, as noted in the
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Fig.3 Response to Aspirin: 100%
Inhibition of TxB, Production
(N=21) p-values were calcu-
lated by using McNemar's Exact
test for binary matched-pairs
data. The TxB, analysis was
based on 21 subjects who had

valid TxB, concentration data
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point was not achieved at 24 h
post dose. The TxB, analysis
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had valid TxB, concentration
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FDA professional labeling for these formulations [26]. In
this study, EC-ASA showed more variability in absorption
than PL-ASA, as observed by the higher coefficient of vari-
ation (80.3% vs. 33.7%).

The clinical implications of such significant PK-PD dif-
ferences between formulations are unknown in the absence
of randomized trials assessing clinical outcomes, how-
ever, in specific treatment settings such differences might
be meaningful. For example, faster onset and predictable
effect may be beneficial following an interventional stenting
procedure, while more durable platelet inhibition may be
helpful in patient populations with high rates of pharmaco-
logic aspirin nonresponse, such as patients with diabetes or
obesity. Further randomized studies are needed to determine
whether clinical outcomes can be improved by the optimized
PK-PD profile of this novel aspirin formulation.

inh=inhibition, TxB2=thromboxane B2

Limitations

This study was conducted in individuals without known
ASCVD, consistent with initial determinations of PK pro-
files, although the median weight of the subjects in this study
was high with most of the participants being obese and simi-
lar to that of a previous PK-PD study [20] which limits the
applicability of the study to a non-obese population. Accord-
ingly, the observations reported here should be interpreted
in that context and may not necessarily be applicable to a
non-obese population. As this was a single dose study, where
the dose would not be expected to achieve steady state, and
because of the cumulative effect of daily aspirin on plate-
let inhibition, caution should be taken in extending these
results to longer term dosing. Moreover, our study compared
81 mg PL-ASA vs EC-ASA and not plain aspirin. However,
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81 mg plain aspirin is not commonly utilized in real-world
practice, and is not currently marketed in the US. PL-ASA
325 mg was previously found to be bioequivalent to plain,
immediate-release aspirin in a PK/PD study [19]. The US
FDA granted a biowaver (ie, no requirement for a bioequiva-
lence study) for the 81 mg dose because it is dose propor-
tional to the 325 mg dose and because there is no marketed
immediate-release 81 mg product with which to conduct
a bioequivalence study. Fewer samples for subjects dosed
with EC-ASA had calculable PK information with regard
to acetylsalicylic acid determinations, likely secondary to
the erratic absorption of EC-ASA. While this discrepancy
may have affected the ability to compare formulations, it
also further underscored the difference between the formula-
tions. Additionally, the error in sample processing for TxB,
assessments limits full conclusions from these data. How-
ever, full characterization of AA-LTA was available for all
samples, which may be helpful and informative to physicians
for determination of antiplatelet effect.

Conclusions

PL-ASA, a novel liquid-filled capsule with a phospholipid-
aspirin complex, provides predictable PK and PD effects.
PL-ASA results in faster and more complete absorption after
a single 81 mg dose compared with EC-ASA. Additionally,
PL-ASA provides faster, more potent, and more durable
inhibition of platelet aggregation compared with EC-ASA
assessed by LTA. The observations of the current study are
consistent with previous findings from published compara-
tive studies with the 325 mg dose. Longer term dosing and
other studies are needed to fully characterize the PK-PD
profile of the 81 mg dose.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11239-022-02687-5.

Funding The present study was funded by an investigator-initiated
grant from PLx Pharma, Inc.

Declarations

Conflict of interest Dr Franchi declares that he has received payment as
an individual for consulting or honoraria from AstraZeneca, Bayer and
Sanofi, and institutional payments for grants from PLx Pharma, and The
Scott R. MacKenzie Foundation. Dr Schneider reports grant support from
PLx Pharma, Inc. Dr Prats is a consultant to PLx Pharma, Inc, and a
member of the Scientific Advisory Board. Ms Fan: is an employee of PLx
Pharma, Inc. DLB: Dr. Deepak L. Bhatt discloses the following relation-
ships—Advisory Board: Bayer, Boehringer Ingelheim, Cardax, CellPro-
thera, Cereno Scientific, Elsevier Practice Update Cardiology, Janssen,
Level Ex, Medscape Cardiology, Merck, MyoKardia, NirvaMed, Novo
Nordisk, PhaseBio, PLx Pharma, Regado Biosciences, Stasys; Board of
Directors: AngioWave (stock options), Boston VA Research Institute,
DRS.LINQ (stock options), Society of Cardiovascular Patient Care,

@ Springer

TobeSoft; Chair: Inaugural Chair, American Heart Association Quality
Oversight Committee; Data Monitoring Committees: Acesion Pharma,
Assistance Publique-Hopitaux de Paris, Baim Institute for Clinical Re-
search (formerly Harvard Clinical Research Institute, for the PORTICO
trial, funded by St. Jude Medical, now Abbott), Boston Scientific (Chair,
PEITHO trial), Cleveland Clinic (including for the ExCEED trial, funded
by Edwards), Contego Medical (Chair, PERFORMANCE 2), Duke Clin-
ical Research Institute, Mayo Clinic, Mount Sinai School of Medicine
(for the ENVISAGE trial, funded by Daiichi Sankyo; for the ABILITY-
DM trial, funded by Concept Medical), Novartis, Population Health Re-
search Institute; Rutgers University (for the NIH-funded MINT Trial);
Honoraria: American College of Cardiology (Senior Associate Editor,
Clinical Trials and News, ACC.org; Chair, ACC Accreditation Oversight
Committee), Arnold and Porter law firm (work related to Sanofi/Bristol-
Myers Squibb clopidogrel litigation), Baim Institute for Clinical Research
(formerly Harvard Clinical Research Institute; RE-DUAL PCI clinical
trial steering committee funded by Boehringer Ingelheim; AEGIS-II ex-
ecutive committee funded by CSL Behring), Belvoir Publications (Editor
in Chief, Harvard Heart Letter), Canadian Medical and Surgical Knowl-
edge Translation Research Group (clinical trial steering committees),
Cowen and Company, Duke Clinical Research Institute (clinical trial
steering committees, including for the PRONOUNCE trial, funded by
Ferring Pharmaceuticals), HMP Global (Editor in Chief, Journal of Inva-
sive Cardiology), Journal of the American College of Cardiology (Guest
Editor; Associate Editor), K2P (Co-Chair, interdisciplinary curriculum),
Level Ex, Medtelligence/ReachMD (CME steering committees), MJH
Life Sciences, Oakstone CME, Piper Sandler, Population Health Re-
search Institute (for the COMPASS operations committee, publications
committee, steering committee, and USA national co-leader, funded by
Bayer), Slack Publications (Chief Medical Editor, Cardiology Today’s
Intervention), Society of Cardiovascular Patient Care (Secretary/Treas-
urer), WebMD (CME steering committees), Wiley (steering committee);
Other: Clinical Cardiology (Deputy Editor), NCDR-ACTION Regis-
try Steering Committee (Chair), VA CART Research and Publications
Committee (Chair); Research Funding: Abbott, Acesion Pharma, Afim-
mune, Aker Biomarine, Amarin, Amgen, AstraZeneca, Bayer, Beren,
Boehringer Ingelheim, Boston Scientific, Bristol-Myers Squibb, Cardax,
CellProthera, Cereno Scientific, Chiesi, CSL Behring, Eisai, Ethicon,
Faraday Pharmaceuticals, Ferring Pharmaceuticals, Forest Laborato-
ries, Fractyl, Garmin, HLS Therapeutics, Idorsia, Ironwood, Ischemix,
Janssen, Javelin, Lexicon, Lilly, Medtronic, Merck, Moderna, MyoKar-
dia, NirvaMed, Novartis, Novo Nordisk, Owkin, Pfizer, PhaseBio, PLx
Pharma, Recardio, Regeneron, Reid Hoffman Foundation, Roche, Sanofi,
Stasys, Synaptic, The Medicines Company, 89Bio; Royalties: Elsevier
(Editor, Braunwald’s Heart Disease); Site Co-Investigator: Abbott, Bio-
tronik, Boston Scientific, CSI, Endotronix, St. Jude Medical (now Ab-
bott), Philips, Svelte; Trustee: American College of Cardiology; Unfund-
ed Research: FlowCo, Takeda. Dr. Deliargyris is a member of the PLx
Pharma Scientific Advisory Board. Dr. Angiolillo declares that he has
received consulting fees or honoraria from Abbott, Amgen, AstraZeneca,
Bayer, Biosensors, Boehringer Ingelheim, Bristol-Myers Squibb, Chiesi,
Daiichi-Sankyo, Eli Lilly, Haemonetics, Janssen, Merck, PhaseBio, PLx
Pharma, Pfizer, and Sanofi. D.J.A. also declares that his institution has
received research grants from Amgen, AstraZeneca, Bayer, Biosensors,
CeloNova, CSL Behring, Daiichi-Sankyo, Eisai, Eli Lilly, Gilead, Idor-
sia, Janssen, Matsutani Chemical Industry Co., Merck, Novartis, Osprey
Medical, Renal Guard Solutions, and the Scott R. MacKenzie Founda-
tion. The other authors have no relevant disclosures.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are


https://doi.org/10.1007/s11239-022-02687-5

Pharmacokinetic and pharmacodynamic profiles of a novel phospholipid-aspirin complex liquid... 381

included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

Tsao CW, Aday AW, Almarzooq ZI et al (2022) Heart disease and
stroke statistics—2022 update: a report from the American Heart
Association. Circulation. https://doi.org/10.1161/CIR.00000
00000001052

Lawton JS, Tamis-Holland JE, Bangalore S et al (2022) 2021
ACC/AHA/SCAI guideline for coronary artery revascularization:
a report of the American College of Cardiology/American Heart
Association Joint Committee on Clinical Practice Guidelines. J
Am Coll Cardiol Circul 145(3):ed4—e17. https://doi.org/10.1161/
CIR.0000000000001039

Kleindorfer DO, Towfighi A, Chaturvedi S et al (2021) 2021
Guideline for the prevention of stroke in patients with stroke and
transient ischemic attack: a guideline from the American Heart
Association/American Stroke Association. Stroke 52:e364-e467.
https://doi.org/10.1161/STR.0000000000000375

Arnett DK, Blumenthal RS, Albert MA et al (2019) 2019 ACC/
AHA guideline on the primary prevention of cardiovascular dis-
ease: a report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines.
Circulation 140:e596—e646. https://doi.org/10.1161/CIR.00000
00000000678

Smith SC Jr, Benjamin EJ, Bonow RO et al (2011) AHA/ACCF
secondary prevention and risk reduction therapy for patients with
coronary and other atherosclerotic vascular disease: 2011 update:
a guideline from the American Heart Association and American
College of Cardiology Foundation. Circulation 124:2458-2473.
https://doi.org/10.1161/CIR.0b013e318235eb4d
Gerhard-Herman MD, Gornik HL, Barrett C et al (2017) 2016
AHA/ ACC guideline on the management of patients with lower
extremity peripheral artery disease: a report of the American
College of Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines. Circulation 135(12):726—¢779.
https://doi.org/10.1161/CIR.0000000000000471

Powers WJ, Rabinstein AA, Ackerson T, on behalf of the Ameri-
can Heart Association Stroke Council et al (2019) Guidelines for
the early management of patients with acute ischemic stroke: 2019
update to the 2018 guidelines for the early management of acute
ischemic stroke: a guideline for healthcare professionals from
the American Heart Association/American Stroke Association.
Stroke 50(12):e344—e418. https://doi.org/10.1161/STR.00000
00000000211

Angiolillo DJ, Capodanno D (2021) Aspirin for primary preven-
tion of cardiovascular disease in the 21% century: a review of the
evidence. Am J Cardiol 1(144 Suppl 1):S15-S22. https://doi.org/
10.1016/j.amjcard.2020.12.022

Abdelaziz HK, Saad M, Pothineni NVK, Megaly M, Potluri R,
Saleh M et al (2019) Aspirin for primary prevention of cardiovas-
cular events. J Am Coll Cardiol 73(23):2915-2929. https://doi.
org/10.1016/j.jacc.2019.03.501

Cryer B, Bhatt DL, Lanza FL, Dong JF, Lichtenberger LM, Mar-
athi UK (2011) Low-dose aspirin-induced ulceration is attenuated
by aspirin-phosphatidylcholine: a randomized clinical trial. AmJ
Gastroenterol 106(2):272-277. https://doi.org/10.1038/ajg.2010.
436

Lichtenberger LM, Wang ZM, Romero JJ et al (1995) Non-steroi-
dal anti-inflammatory drugs (NSAIDs) associate with zwitterionic

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

phospholipids: insight into the mechanism and reversal of NSAID-
induced gastrointestinal injury. Nat Med 1(2):154—158. https://doi.
org/10.1038/nm0295-154

Kedir HM, Sisay EA, Abiye AA (2021) Enteric-coated aspirin and
the risk of gastrointestinal side effects: a systematic review. Int J
Gen Med 14:4757-4763. https://doi.org/10.2147/1JGM.S326929
Endo H, Sakai E, Higurashi I et al (2012) Differences in the sever-
ity of small bowel mucosal injury based on the type of aspirin
as evaluated by capsule endoscopy. Dig Liver Dis 44:833-838.
https://doi.org/10.1016/j.d1d.2012.05.016

Bochner F, Williams DB, Morris PM, Siebert DM, Lloyd JV
(1988) PK of low-dose oral modified release, soluble and IV aspi-
rin in man, and effects on platelet function. Eur J Clin Pharmacol
35:287-294. https://doi.org/10.1007/BF00558267

Haastrup PF (2015) Enteric coating can lead to reduced antiplate-
let effect of low-dose acetylsalicylic acid. Basic Clin Pharmacol
Toxicol 116:212-215. https://doi.org/10.1111/bcpt.12362

Cox D, Fitzgerald DJ (2018) Lack of bioequivalence among low
dose, enteric coated aspirin preparations. Clin Pharmacol Ther
103:1047-1051. https://doi.org/10.1002/cpt.874

Angiolillo DJ, Prats J, Deliargyris EN et al (2022) Pharmacoki-
netic and pharmacodynamic profile of a novel phospholipid aspi-
rin formulation. Clin Pharmacokinet 20:1-15. https://doi.org/10.
1007/540262-021-01090-2

Lichtenberger LM, Wang ZM, Romero JJ, Ulloa C, Perez JC,
Giraud MN, Barreto JC (1995) Non-steroidal anti-inflammatory
drugs (NSAIDs) associate with zwitterionic phospholipids: insight
into the mechanism and reversal of NSAID-induced gastroin-
testinal injury. Nat Med 1(2):154-158. https://doi.org/10.1038/
nm0295-154

Angiolillo DJ, Bhatt DL, Lanza F et al (2019) Pharmacokinetic/
pharmacodynamic assessment of a novel, pharmaceutical lipid-
aspirin complex: results of a randomized, crossover, bioequiva-
lence study. J Thromb Thrombolysis 48(4):554-562. https://doi.
org/10.1007/s11239-019-01933-7

Bhatt DL, Grosser T, Dong JF et al (2017) Enteric coating and
aspirin nonresponsiveness in patients with type 2 diabetes mel-
litus. J Am Coll Cardiol 69:603—-612. https://doi.org/10.1016/j.
jacc.2016.11.050

Sargent M (ed) (2013) Guide to achieving reliable quantitative
LC-MS measurements. RSC Analytical Methods Committee
Graham GG, Day RO (2016) Salicylates. In: Parnham M (ed)
Compendium of inflammatory diseases. Birkh.user, Basel
Patrono C, Ciabattoni G, Pinca E et al (1980) Low dose aspirin
and inhibition of thromboxane B2 production in healthy subjects.
Thromb Res 17:317-327. https://doi.org/10.1016/0049-3848(80)
90066-3

Patrignani P, Filabozzi P, Patrono C (1982) Selective cumulative
inhibition of platelet thromboxane production by low-dose aspirin
in healthy subjects. J Clin Invest 69(6):1366—1372. https://doi.org/
10.1172/jci110576

McRedmond JP, Harriott P, Walker B, Fitzgerald DJ (2000) Strep-
tokinase-induced platelet activation involves antistreptokinase
antibodies and cleavage of protease-activated receptor-1. Blood
95(4):1301-1308

Aspirin FDA Professional Labeling. 21CFR343.80. https://www.
accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=
343.80. Accessed 19 Apr 2022

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1161/CIR.0000000000001052
https://doi.org/10.1161/CIR.0000000000001052
https://doi.org/10.1161/CIR.0000000000001039
https://doi.org/10.1161/CIR.0000000000001039
https://doi.org/10.1161/STR.0000000000000375
https://doi.org/10.1161/CIR.0000000000000678
https://doi.org/10.1161/CIR.0000000000000678
https://doi.org/10.1161/CIR.0b013e318235eb4d
https://doi.org/10.1161/CIR.0000000000000471
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1016/j.amjcard.2020.12.022
https://doi.org/10.1016/j.amjcard.2020.12.022
https://doi.org/10.1016/j.jacc.2019.03.501
https://doi.org/10.1016/j.jacc.2019.03.501
https://doi.org/10.1038/ajg.2010.436
https://doi.org/10.1038/ajg.2010.436
https://doi.org/10.1038/nm0295-154
https://doi.org/10.1038/nm0295-154
https://doi.org/10.2147/IJGM.S326929
https://doi.org/10.1016/j.dld.2012.05.016
https://doi.org/10.1007/BF00558267
https://doi.org/10.1111/bcpt.12362
https://doi.org/10.1002/cpt.874
https://doi.org/10.1007/s40262-021-01090-2
https://doi.org/10.1007/s40262-021-01090-2
https://doi.org/10.1038/nm0295-154
https://doi.org/10.1038/nm0295-154
https://doi.org/10.1007/s11239-019-01933-7
https://doi.org/10.1007/s11239-019-01933-7
https://doi.org/10.1016/j.jacc.2016.11.050
https://doi.org/10.1016/j.jacc.2016.11.050
https://doi.org/10.1016/0049-3848(80)90066-3
https://doi.org/10.1016/0049-3848(80)90066-3
https://doi.org/10.1172/jci110576
https://doi.org/10.1172/jci110576
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=343.80
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=343.80
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=343.80

	Pharmacokinetic and pharmacodynamic profiles of a novel phospholipid-aspirin complex liquid formulation and low dose enteric-coated aspirin: results from a prospective, randomized, crossover study
	Abstract
	Highlights
	Introduction
	Methods
	Study design and study population
	Pharmacokinetic assessments
	Pharmacodynamic assessments
	Safety assessments
	Statistical methods

	Results
	Pharmacokinetic (PK) results
	Pharmacodynamic (PD) results
	Light transmission aggregometry (LTA)

	Thromboxane B2 assessments

	Discussion
	Limitations
	Conclusions
	References




