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Relative bioavailability of ticagrelor from hard capsules
and film-coated tablets in healthy Caucasian volunteers

Keywords
pharmacokinetics, ticagrelor, P2Y12 inhibitor, bioequivalence, anticoagulant

Abstract

Ticagrelor is an active pharmaceutical ingredient of the first oral medicinal product inhibiting adenosine
diphosphate-induced platelet aggregation by reversibly binding to P2Y12 receptor. It is co-
administered with acetylsalicylic acid in patients with acute coronary syndromes or a history of
myocardial infarction with high risk of cardiovascular events. The aim of study was to evaluate relative
bioavailability of ticagrelor from two oral pharmaceutical forms hard capsules (Tikozek, test product)
vs. film-coated tablets (Brilique®, reference product) after a single 90 mg dose administration. A
randomized, 2-period, crossover, open-label, and laboratory-blinded study was conducted in healthy
Caucasian male and female volunteers in Poland. Ticagrelor in human plasma was quantified by a
validated LC-MS/MS method using isotope labelled internal standard. Two pharmaceutical forms were
considered bioequivalent when 90% confidence intervals (Cl) of the log-transformed geometric mean
ratios (hard capsules over film-coated tablets) for both AUC(0-t) and Cmax were within
80.00-125.00%. Adverse events, values of laboratory parameters, and vital signs were recorded
during the study. Among 40 volunteers enrolled, 37 completed the study. Geometric mean ratios for
the primary pharmacokinetic parameter were 100.51% (90% CI 95.00-106.34%) for AUC(0-t), and
92.43% (90% CI 84.11-101.58%) for Cmax. Ticagrelor administered in both pharmaceutical forms
was well tolerated. No serious adverse events were recorded. Results of the clinical trial indicate that
hard capsules (Tikozek) are bioequivalent to the film-coated tablets (Brilique®).
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Explanation letter

On behalf of the authors | would like express our gratitude to the Reviewers for rapid re-evaluation of
our manuscript. Please find below response to the Reviewers’ comments. The line numbers refer to
the revised manuscript (with changes tracked in color).

Reviewer 1:
In line 368, only one tiny grammatical error exists: "did not influenced" should be written as "did not
influence"

RESPONSE: Thank you for pointing out grammatical error. Manuscript was amended according
Reviewer’s suggestion in line 368.

Reviewer 2:

The authors have made the suggested corrections, the manuscript may be considered for publication.
| would like to point out that the reference to the Electra-sirio study is not appropriate in relation to PK
(minimum inhibiting concentration) - such an assessment was not conducted, and the reduced dose
resulted more from the availability of the drug form than from PK. PK data regarding the minimum
inhibiting concentration are not included in the SPC because it is not a simple designation and is not
easily accessible, which does not change the fact that there are publications that provide such values.

RESPONSE: Thank you for this comment. To avoid possible confusion, we have deleted reference to
Electra-sirio study. The whole paragraph was re-written to describe relationship between plasma
concentrations of ticagrelor and inhibition of platelet aggregation. New references were added. We
hope that ticagrelor concentrations producing 50% of maximum effect (EC50) may be considered as
“minimum inhibiting concentrations” suggested by the Reviewer 2. In case it is not in line with the
above comment, we kindly ask for disclosing publications describing “minimum inhibiting
concentrations” which should be referred to in our manuscript. Manuscript was amended in lines
371-391.

ADDITIONALLY:
1.0New references were added as a response to comments of the Reviewer 2.
2.000rder of references was updated.
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Abstract: Ticagrelor is an active pharmaceutical ingredient of the first oral medicinal product inhibiting
adenosine diphosphate-induced platelet aggregation by reversibly binding to P2Y12 receptor. It is co-
administered with acetylsalicylic acid in patients with acute coronary syndromes or a history of myocardial
infarction with high risk of cardiovascular events. The aim of study was to evaluate relative bioavailability of
ticagrelor from two oral pharmaceutical forms hard capsules (Tikozek, test product) vs. film-coated tablets
(Brilique®, reference product) after a single 90 mg dose administration. A randomized, 2-period, crossover,
open-label, and laboratory-blinded study was conducted in healthy Caucasian male and female volunteers in
Poland. Ticagrelor in human plasma was quantified by a validated LC-MS/MS method using isotope labelled
internal standard. Two pharmaceutical forms were considered bioequivalent when 90% confidence intervals (Cl)

of the log-transformed geometric mean ratios (hard capsules over film-coated tablets) for both AUC .ty and Cax
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were within 80.00-125.00%. Adverse events, values of laboratory parameters, and vital signs were recorded
during the study. Among 40 volunteers enrolled, 37 completed the study. Geometric mean ratios for the primary
pharmacokinetic parameter were 100.51% (90% CI 95.00-106.34%) for AUCo.y, and 92.43% (90% CI 84.11-
101.58%) for Cmax. Ticagrelor administered in both pharmaceutical forms was well tolerated. No serious adverse
events were recorded. Results of the clinical trial indicate that hard capsules (Tikozek) are bioequivalent to the

film-coated tablets (Brilique®).
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Ticagrelor is an active pharmaceutical ingredient of the first oral medicinal product
inhibiting adenosine diphosphate-induced platelet aggregation by reversibly binding to P2Y12
receptor [1]. Ticagrelor is indicated for coadministration with acetylsalicylic acid in patients
with acute coronary syndromes (ACS) or a history of myocardial infarction (MI) with high
risk of cardiovascular events [2]. Ticagrelor has a different mechanism of action compared to
other P2Y12 inhibitors: it binds reversibly only to the P2Y12 receptor and does not require
metabolic activation, unlike clopidogrel and prasugrel [3]. In addition, it is also thought that
its active metabolite is approximately equipotent to ticagrelor at the P2Y12 receptor and
contribute to the antiplatelet effect reported for ticagrelor.

The research on ticagrelor in Poland include evaluation of factors influencing
metabolism of ticagrelor in ACS patients [4] as well as comparison of pharmacokinetics after
administration of integral tablet orally, crushed tablet orally and crushed tablet sublingually
[5]. Adamski et al. found that weaker antiplatelet effect in ST-elevation MI (STEMI)
compared to non-ST-elevation MI (NSTEMI) patients may be associated with decreased
ticagrelor bioavailability in STEMI [6]. Study by Kubica et al. suggests that reducing
ticagrelor dose from 90 mg to 60 mg in acute MI patients does not significantly influence
antiplatelet effect of ticagrelor [7]. Research by Uminska et al. indicates that rate and extend
of ticagrelor absorption is significantly decreased and delayed in acute MI patients treated
with mild therapeutic hypothermia after out-of-hospital cardiac arrest [8]. Danielak et al.

described ticagrelor as relatively safe when co-administered with statins, but it should be
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administered with caution in elderly populations due to risk of rhabdomyolysis [9]. In turn,
Kozinski et al. compared platelet functional tests with plasma concentrations of ticagrelor and
its active metabolite [10].

Pharmacokinetics of ticagrelor is linear, approximately dose proportional up to 1260
mg, while its absolute oral bioavailability is 36% [11]. Median tmax after administration of
ticagrelor tablets was reported as 1.5-3.0 h for parent drug and 1.5-3.5 h for its active
metabolite AR-C124910XX [12-15]. Metabolite reaches 28% and 42% of ticagrelor Cmax and
AUC o), respectively [2]. Changes in rate and extend of ticagrelor absorption after high-fat
meal are not considered clinically significant for parent drug (21% increase in AUC -0, 7%
decrease in Cmax) nor active metabolite (1% decrease in AUC 0-«), 22% decrease in Cmax) [12].
Thus, ticagrelor can be administered regardless of meal intake. Ticagrelor is primary
eliminated by hepatic metabolism, mean plasma terminal half-lives are 7.4-8.8 h for parent
drug [2,13-17] and 8.0-11.5 h for its active metabolite [2,13-15]. Higher exposures to
ticagrelor and its active metabolite as well as slightly prolonged t1» were observed in healthy
females compared to males [14]. Similar changes in pharmacokinetic parameters were
observed in elderly (>65 years) vs. young subjects (18-45 years) [14]. Both differences were
assessed as not clinically relevant. Oral administration of suspension resulted in 74% increase
in Cmax and 28% increase in AUC(.) compering to the tablet [11] indicating that
pharmaceutical formulation may influence ticagrelor absorption. On the other hand,
absorption of ticagrelor administered orally as whole or crushed tablet as well as crushed
tablet via nasogastric tube was reported comparable by Teng et al. [13]. Replacing tablet with
hard capsules may be beneficial for patients with problems in swallowing, because crushing
of tablet may be avoided as capsule content may be used directly.

The study aimed to evaluate the relative bioavailability of ticagrelor from hard
capsules (Tikozek, test) vs. film-coated tablets (Brilique®, reference) following a single oral
administration of 90 mg dose in healthy subjects according to European Medicines Agency
(EMA) guidelines [18,19].

EXPERIMENTAL

Study Products

The reference product was Brilique® 90 mg film-coated tablets (AstraZeneca AB —
marketing authorization holder, batch No. VHCR) [2]. The test product was Tikozek 90 mg
hard capsules (manufactured by Celon Pharma S.A., Kazun Nowy, Poland).
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In vitro Dissolution Testing

Dissolution profiles for hard capsules and film-coated tablets were determined
according to the Monograph for ticagrelor tablets [20]. Briefly, sink conditions were applied
using a type Il dissolution apparatus at rotation speed of 75 rpm and sinkers for capsules. The
dissolution medium (900 mL) consisted of water with 0.2% Tween 80. Medium was sampled
at 10, 15, 20, 30, 45, and 60 min without replacing sampled volume (1.5 mL per sample).
Automatic 2-stage sample filtration in the dissolution apparatus was applied using
polyethylene prefilters with a membrane 10 um and then cellulose filters with a membrane
diameter 0.45 pum. The chromatographic analysis was performed with an Agilent
Technologies 1200 series HPLC system equipped with a UV-vis detector. Chromatographic

column C18 (150 mm x 4.6 mm 1.8 um) from Agilent was used.

Study Participants
The sample size was calculated assuming:
¢ asignificance level = 5% and power of test 1 - § > 80%,
e geometric mean true relative ratio of primary pharmacokinetic parameters

(test/reference) varying between 90-110%,

e intra-subject variability (expressed as coefficient of variation, CV) of primary

pharmacokinetic parameters would not exceed 19.5% [13,16].

Based on these assumptions 36 subjects should have completed the study. But
considering potential risk of drop-outs (assumed not to exceed 10%) there were 40 subjects
enrolled in the study.

Healthy women and men aged 18-55 years, whose Body Mass Index (BMI) was 18.5-
29.9 kg/m?, were invited for the screening. The following procedures were performed:
physical examination, blood testing (hematology, blood chemistry), urine testing (general and
toxicological, pregnancy test in women), electrocardiography (ECG) and the serology (human
immunodeficiency virus HIV, hepatitis B and C). Key exclusion criteria were:

e evidence or suspected pathology assessed on the conducted tests;

e suspected hypersensitivity to ticagrelor or other ingredients of the medicinal product;
e any known significant current or past acute or chronic disease;

e congenital or acquired bleeding disorders;

e active pathological bleeding;

4
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e gastrointestinal disease without active ulceration that can potentially lead to bleeding;

e heparin-induced thrombocytopenia;

e in medical history: intracranial haemorrhage, bradycardic-related syncope, recent
trauma or surgery, coagulation disorders, hypotension, or hypertension; current
disease of the alimentary tract, liver, or kidneys;

e any medications in the four weeks preceding the first product administration and
during the study;

e participation in another study in the last 90 days, smoking cigarettes, abusing alcohol,
a special diet (e.g. vegetarians, to avoid difficulties with standardization of the diet) or
a specific lifestyle (professional sports);

e lactation in female subjects;

e positive results of HBSAG, anti-HCV or anti-HIV and antigen Covid-19 test.

Before admission to the clinical center, the volunteers were tested for the presence of
prohibited substances in the urine and alcohol in the exhaled air.

Study Design

The single dose study at fasting conditions was designed according to the EMA
guidelines [18,19] as 2-period cross-over, randomized, laboratory-blinded trial. A 7-day
washout period was planned between administration of both products. Study documents were
approved by the Supreme Bioethics Committee (Warsaw, Poland) and the Office for
Registration of Medicinal Products, Medical Devices, and Biocidal Products (Warsaw,
Poland).

The clinical part of the study EudraCT 2023-504116-14-00 was conducted in 2023 at
the facilities of BioResearch Group Ltd. (Kajetany, Poland) according to ethical principles of
the Declaration of Helsinki and its amendments [21]. Study met requirements of Good
Clinical Practice (GCP) guidelines [22] and Polish pharmaceutical law. Before the screening,
the subjects were informed about the procedures, restrictions, possible risks, and insurance.

Then, each subject signed an informed consent form.

Study Products Administration
The subjects arrived at the clinical unit in the evening (Day 0), approximately 14 hours
prior to the study products administration. Next day (Day 1) in the morning, after at least 10 h

of fasting, study products were administered orally to subjects with 240 ml of water (at room

5
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temperature), under medical supervision, while subjects were in the sitting position and under
open-label conditions. Each volunteer received a single ticagrelor dose of 90 mg (1 test
capsule or 1 reference tablet, according to the randomization table).

During the stay at the clinical site, standardization of the diet, fluid administration and
daily activity were regulated by the site personnel. Subjects were not allowed to consume any
food and drinks except for those provided by the clinic. Water consumption was permitted,
except 1 hour before and 1 hour following study products administration. Subjects remained
hospitalized until collection of the last PK sample 24 h post-dose. There were two ambulatory

visits — 36 h (Day 2) and 48 h post-administration (Day 3), in each period.

Blood Sampling

Blood samples to determine ticagrelor plasma concentrations were collected from each
volunteer in each period at 19 time points: pre-dose, 0.33, 0.67, 1, 1.33, 1.67, 2, 2.5, 3, 3.5, 4,
5, 6, 8, 12, 16, 24, 36 and 48 h after product administration. Approximately 225-237 mL of
blood was collected from each volunteer for PK analysis, for biomarkers determination and
for tests at screening and at examination at the end of the study. Samples for PK analysis were
collected in vacuum tubes with an intravenous cannula of "Venflon" placed in the forearm
venous vessel. After centrifugation for 10 min at 4 °C at 1500 x g, the separated plasma was
transferred to polypropylene tubes (primary and backup) and frozen at <-65 °C until shipment

to bioanalytical laboratory.

Bioanalysis

Ticagrelor plasma concentrations were determined by high-performance liquid
chromatography coupled to tandem mass spectrometry (LC-MS/MS) in the GLP-certified
Bioanalytical Laboratory of Celon Pharma S.A. (Kazun Nowy, Poland). Samples for analysis
were prepared by protein precipitation with acetonitrile. QTrap 6500+ mass spectrometer
(Sciex) combined with 1290 Infinity Il liquid chromatograph (Agilent Technologies)
supported by Analyst 1.7.2 software (Sciex). The chromatographic separation was performed
on a Aeris Widepore XB-C8 column (100 x 4.6 mm, 3.6um, 4 pm, Phenomenex). Four
minute gradient elution was applied with 0.1% aqueous acetic acid (Phase A) and 0.1%
formic acid in methanol (Phase B) at 0.45 mL/min. Positive electrospray ionization (ESI) was
used to monitor ticagrelor ions at 523 > 495 m/z and the isotope-labeled internal standard ions
(°Hz-ticagrelor) at 530 > 502 m/z. Calibration range was set from 5 ng/mL (LLOQ) to 1200
ng/mL.
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Pharmacokinetics and Statistics
Following ticagrelor plasma pharmacokinetic parameters were selected as primary:

e  Cmax — maximum concentration

e AUC@y — the area under the concentration-time curve from time zero to the last
measurable concentration, calculated by linear trapezoidal method

Secondary pharmacokinetic parameters included:

e AUC(-«) — area under the concentration-time curve extrapolated to infinity: AUC (-« =
AUC ot + C/Az, Where Cy is the last measurable concentration

e tmax — time to reach maximum concentration

e ), —terminal elimination rate constant, calculated by linear least squares regression using
at least the last three non-zero concentrations selected by investigator

et —the apparent plasma elimination half-life: In2 / A,

Validated scripts in R 4.1.3 software (R Core Team 2021, R Foundation for Statistical
Computing, Vienna, Austria) were used for noncompartmental pharmacokinetic analysis and
statistical calculations. Cmax, AUC(0-t), and AUC - after logarithmic transformation were
subjected to analysis of variance (ANOVA) with Sequence, Period, and Formulation as fixed
effects as well as Subject (Sequence) as a random effect. An F-test at o= 0.05 was performed
to determine the statistical significance of the effects. The 90% confidence intervals (ClI) for
the test over reference ratio of geometric means were calculated based on ANOVA model
results. If 90% Cls for both Cmax and AUC o) were included entirely within 80.00-125.00%,
the test product was assumed to be bioequivalent to the reference product [18,19,23]. Non-
parametric Wilcoxon signed-rank test was used to assess the difference in tmax between the
test and reference product. Figures were generated in GraphPad Prism 7.05 (GraphPad
Software, USA).

Safety Analysis

Throughout the study, all subjects were closely observed by the Investigator or
appointed staff members to ensure maximum safety and to record any adverse events. All
participants were monitored for clinically relevant physical changes, changes in vital signs,
changes in 12-lead ECG assessment and deviations in clinical laboratory results, including

complete blood count, blood chemistry, as well as urinalysis. The intensity of adverse effect
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was classified according to Common Terminology Criteria for Adverse Events (CTCAE) v.
5.0.

RESULTS

Seventy-six (76) healthy volunteers signed the informed consent form and participated
in the screening visits (Figure 1). Among them, 40 healthy volunteers who met all inclusion
and none of exclusion criteria were enrolled and participated in period 1. Demographic data of
enrolled subjects are presented in Table 1. Three volunteers terminated their participation in
the study before period 2 — two due to medical reasons (both COVID-19) and one due to
personal reasons. Finally, 37 volunteers completed the clinical part.

In vitro Dissolution Testing

More than 75% of the active pharmaceutical ingredient was dissolved within 45
minutes for both hard capsules and film coated-tablets (Figure 2). Additionally, between 60
and 75 min an infinity test was performed with doubled rpm of paddles. For both formulations
the amount of dissolved active pharmaceutical ingredient remained at the same level after 60

and 75 min. Complete dissolution was therefore expected before gastric emptying.

Validation of the Bioanalytical Method

The method was validated according to the ICH M10 guideline [24]. Results met
acceptance criteria for intra- and between run accuracy (80-120% for LLOQ, 85-115% for
QCs) and precision (<20% for LLOQ, <15% for QCs). The stability of ticagrelor was
confirmed in solutions and human plasma. The incurred sample reanalysis (ISR) results at
98% confirmed the reliability of the method (Table 2).

Evaluation of Relative Bioavailability

Both bioanalytical method and study design enabled reliable assessment of ticagrelor
pharmacokinetics. Calibration range 5-1200 ng/mL (narrower than 1-2000 ng/mL previously
reported for another purpose [25]) was adequate to characterize ticagrelor concentrations in
study samples. The lower limit of quantification was 2.7% of the lowest Cmax recorded (182.1
ng/mL) and only 7 of 1462 samples exceeded upper limit of quantification and required
dilution. The 7-day wash-out period was long enough to ensure analyte concentrations below
the lower limit of quantification (< 5 ng/mL) in all the pre-dose samples in period 2. NO Cmax

was observed in the first plasma sample collected after ticagrelor administration. For each
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subject AUC 0.1y exceeded 90% of AUCo-«). The sample size was large enough to achieve the
a posteriori power above 0.80 for each primary pharmacokinetic parameter (Table 3).

Mean ticagrelor concentration-time profiles suggest that absorption of ticagrelor is
slightly delayed from hard capsules in comparison to film-coated tablets (Figure 3). The
equilibrium between absorption and elimination is observed at the lower concentration after
administration of hard capsules, while the profile for film-coated tablets is sharper near tmax.
This observation is consistent with result of Wilcoxon signed-rank test, which indicates
significantly longer tmax after administration of hard capsules (p<0.001).

Primary pharmacokinetic parameters Cmax and AUCo.) were similar (Figure 4). The
90% confidence intervals for test over reference ratio of geometric means were within limits
of 80.00-125.00% (Table 3). The power of the study exceeded 0.80 for Cmax and exceeded
0.99 for AUC oy (Table 3).

Safety Results

Safety was evaluated in all participants who received at least one dose of the test or
reference product (Table 4). There were no serious adverse events recorded. During the study
29 adverse events were reported in 18 subjects. 19 AEs were registered on reference, 8 on test
product and 2 prior to the second product administration during period Il. Three reported
adverse events were possibly related to study products (elevated glucose value — 2 cases,
elevated ALT value — 1 case). Severity of 27 adverse events was mild, severity of 2 was
moderate. The most frequently reported adverse event were elevated ALT value (3 cases) and
elevated d-dimmer value (3 cases).

DISCUSSION

To the best of our knowledge, this is the first report on ticagrelor human
pharmacokinetics after its administration in the form of capsules. This pharmaceutical form
has an important advantage for patients with difficulties in swallowing as capsule content may
be administered easily after opening a capsule shell (without need to crush the tablet). The
main finding of the study is confirmation of the relative bioavailability (bioequivalence)
between film-coated tablets and hard capsules based on relative bioavailability (Table 3). The
90% confidence intervals for primary pharmacokinetic parameters geometric mean ratios
were completely lying within acceptance range [18,19]. Introducing new pharmaceutical

formulation containing ticagrelor is beneficial for patients with swallowing difficulties and
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preferring capsules over tablets. It may also be more accessible for patients alternative to
orally disintegrating tablets (ODT) [17].

Active pharmaceutical ingredient is released from tablets and hard capsules in a
diverse way. After intake of a tablet, it generally starts immediately but then dissolution of
tablet may slow it down. After intake of a hard capsule, no release is observed until gelatine
shell disintegrates but then the release is rapid and complete. This phenomenon can alter
pharmacokinetics of drugs with differences in regional absorption in the gastrointestinal tract.
Teng and Maya observed decrease in ticagrelor absorption the further down the
gastrointestinal tract it was released (up to 68% decrease in AUC when released in ascending
colon) [11]. Various immediate-release oral pharmaceutical forms are considered by EMA as
one pharmaceutical form [18], but obtaining comparable bioavailability from tablet and
capsule may be a challenging task. In physiological conditions of gastrointestinal tract capsule
shell may behave unlike the tablet, what may influence bioavailability of active substance. In
this study ticagrelor release in vitro was comparable for both hard capsules and film-coated
tablets after 45 min (Figure 2). Release from tablets was faster as 75% release was achieved in
15 min for tablets and in 30 min for capsules. Although the dissolution profiles could not be
considered similar according to EMA bioequivalence guideline [18], the dissolution of both
product fulfilled limits defined in Monograph for Ticagrelor tablets [20]. Thus, equal systemic
action was expected and later proved by confirming bioequivalence. In vitro study results
were consistent with pharmacokinetic profiles (Figure 3), which indicate a bit faster in vivo
absorption of ticagrelor from the tablets than from the hard capsules.

The shape of mean pharmacokinetic profiles (Figure 3) indicates slightly delayed and
a bit prolonged absorption of ticagrelor from hard capsules vs. film-coated tablets. This is
consistent with longer tmax after administration of hard capsules (Wilcoxon signed-rank test,
p<0.001). The above observation is not considered clinically relevant, because the range of
observed tmax Values was the same after administration of both products (Table 3) and rapid
onset of ticagrelor action is not required as tmax IS NOt a primary parameter for assessment of
its bioequivalence [18,19]. Still, individual values of primary pharmacokinetic parameters
were well matched between both formulations (Figure 4). This is similar to our previous study
comparing capsules and tablets containing antiplatelet medicine rivaroxaban, where primary
pharmacokinetic parameters were also well matched despite some discrepancy in mean
pharmacokinetic profiles as well statistically significant difference in tmax in fed conditions
[26]. ANOVA model showed no significant effects of period and formulation on both Cmax
and AUCq.). A significant sequence effect (p < 0.05) on Cmax and AUC .ty may reflect
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unequal carry-over effect between test and reference products and too short wash-out period,
but it is a rather frequent find and usually is considered a statistical artifact [27], as the actual
cause of significant sequence effect cannot be determine from the data alone. Washout period
of 7 days was longer than 5 maximum observed half-lives (7-8 h) and no measurable
ticagrelor concentrations in pre-dose samples in period 2 were observed. Thus, in case of this
study, the sequence effect should be considered a statistical artifact. A significant subject
(sequence) effect can frequently be observed in results of ANOVA analysis of
pharmacokinetic parameters and can be ignored.

In bioequivalence study reported by Wang et al. both test and reference products had
mean AUC oty over 3200 ng/mLxh [16], exactly matching means observed in our study. The
mean ticagrelor Cmax reported by Wang et al. (501 and 522 ng/mL) [16] was comparable to
whole and crush tablet data reported by Teng et al. (506 and 529 ng/mL) [13], but lower than
in our study. The mean ty» observed in our study (8.1 and 8.2 h) is in the middle of values
reported previously (7.4-8.8 h) [13-17]. Median tmax for capsules (2.0 h) was within
previously reported range of medians (1.5-3.0 h) [12-17]. A shorter median tmax (1.3 h) was
observed in our study for tablets. It may be due to more frequent sampling around expected
tmax than in previously reported studies [12-17]. Comparable pharmacokinetic parameters
recorded in a bioequivalence study in Chinese subjects in fasting condition were presented by
Dong et al. [28]. On the other hand, slightly lower extend and rate of ticagrelor absorption,
but longer t1> were observed by Rizea-Savu et al. in a bioequivalence study in White subjects
[29].

Our study was conducted in fasting conditions, because it is considered to be the most
sensitive to discriminate pharmacokinetic profiles between immediate-release formulations
[18, 30]. Ticagrelor can be administered with or without a meal, although food affects its
pharmacokinetics [2]. After high-fat meal geometric mean AUC 0. Of ticagrelor increases by
21%, geometric mean Cmax Of its active metabolite AR-C124910XX decreases by 22%, and
median tmax is delayed (from 1.5 to 2.5 h for parent drug and from 1.5 to 3.5 h for metabolite)
[12]. These changes in pharmacokinetics are considered not clinically relevant [2,12].
Additionally, study by Wang et al. [16] confirmed that prandial state did not influenced
bioequivalence of ticagrelor tablets as similar 90% confidence intervals were recorded in both
fasting and fed conditions.

The relationship between plasma concentrations of ticagrelor and inhibition of platelet
aggregation (IPA) was reported to be well described by sigmoid maximum effect (Emax)

model [31-33]. Final extend of IPA was observed at 2 h, what corresponds with reported
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median tmax [33]. Reported Emax values were consistent between studies (IPA > 92%) [31,33].
However, ticagrelor concentrations producing 50% of maximum effect (ECso) were more
variable and ranged from 3.0 ng/mL in RESPOND study for responders to 61.1 ng/mL in
ONSET-OFSET study for 4-48 h post-last dose (Table V in [31]). In both studies loading
dose of 180 mg and maintaining doses of 90 mg ticagrelor were administered. On the other
hand, in the study after a single 90 mg ticagrelor dose (the same as in our study) ECso values
ranged from 8.4 to 15.5 ng/mL (Table 2 in [33]). On this basis, it can be assumed that mean
concentrations observed at 24 h in our study (24.3 ng/mL for capsules and 21.2 ng/mL for

tablets, Figure 3) ensure at least 50% of final-extent inhibition of platelet aggregation one day

Study Limitations

The study was conducted in healthy subjects, thus applicability of its results to the
patient population may be considered as a limitation. However, relative bioavailability
(bioequivalence) of oral pharmaceutical forms based on pharmacokinetic endpoints is well-
established. A key assumption for bioequivalence study design is to distinguish differences
between formulations from all other sources of pharmacokinetic variability. The latter ones,
including influence of the disease progress on pharmacokinetics, need to be reduced. Thus, it
is recommended to evaluate bioequivalence in healthy subjects [18]. A efficacy of generic
ticagrelor and the reference product in healthy subjects was studied by Zarif et al. [Blad! Nie
mozna odnalez¢ zrodla odwolania.]. A comparison of surrogate efficacy based on ADP-
induced platelet aggregation and percentage of platelet inhibition was studied. The study
confirmed comparable efficacy, what lead the authors to advocate for more clinical studies to

test surrogate clinical efficacy for generics used in critical indications. In our opinion the
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opposing conclusion is more appropriate — comparable efficacy of generic and reference
products confirmed that bioequivalence study translates into therapeutic equivalence.

Although the active metabolite AR-C124910XX reaches up to 28% of the ticagrelor
concentration [2], its concentrations do not need to be measured according to EMA
recommendations for bioequivalence studies [19]. It is further justified by constant
metabolite-to-parent ratio after administration of 100 mg ticagrelor as different oral
formulations (suspension and immediate-release tablet) [11]. This ratio calculated using data
in Table 2 [11] was 26-28% for Cmax and 38-40% for AUC o). In our study, we proved in the
validation of the bioanalytical method that there was no influence of the active metabolite on
the quantification of ticagrelor.

At the time of the conducted study, the final ICH M13A guideline on bioequivalence
[30] has not yet been published. Thus, term “reference product” was used in our study instead
of “comparator product” introduced by ICH M13A. However, the study design proposed in
line with EMA guideline [18] as well as the method’s pharmacokinetic and statistical analysis
meets the criteria set by the ICH M13A guideline.

CONCLUSIONS

To the best of our knowledge, this is the first paper reporting human pharmacokinetic
data recorded after administration of ticagrelor in the form of hard capsules. Comparison of
pharmacokinetic parameters recorded in healthy Caucasian subjects after a single dose
administration confirmed that test product (Tikozek 90 mg hard capsules manufactured by
Celon Pharma S.A.) is bioequivalent to reference product (Brilique® 90 mg film-coated
tablets). Both products were safe and well tolerated. The results indicate that hard capsules

containing ticagrelor can be interchangeable in clinical practice with film-coated tablets.
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Table 1. Demographic data

Variable Number
or mean + SD

Caucasian 40
Males / Females 16/24
Age [years] 39.5+9.4
Height [cm] 170+9
Weight [kg] 71.7+13.0
BMI, body mass
index [kg/m?] 24.6+34
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Table 2. Bioanalytical method validation
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Parameter

Value or result

Calibration range

5-1200 ng/mL

Quality control (QC) concentrations

15, 60, 360, 900 ng/mL

Within-run accuracy

98.9-110.6%

Within-run precision 1.18-6.29%
Between-run accuracy 103.3-106.4%
Between-run precision 3.77-5.42%
Long-term stability at < -65°C 63 days
Short-term stability at 15-30°C 24 hours
Number of ISR samples 124
%ISR 98%

ISR, incurred sample reanalysis, %ISR, percentage of individual ISR within £20% acceptance criteria
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Table 3. Pharmacokinetic parameters of ticagrelor after a single 90 mg administration of the test (Tikozek,

hard capsules) and the reference (Brilique®, film-coated tablets) products in fasting conditions (n = 37)

Parameter Test Reference Geometric mean wsv | Power ANOVA
Mean+SD | Mean+SD | T/R (90% CI) Pr(>F)
S: 0.002
Crmax 92.43% P: 0.295
9+274. 4+ 250. 49 :
[ng/mL] 592.9+274.6 | 630.4+250.7 (84.11-101.58%) 24.4% | 0.813 - 0.167
S(S): <0.001
S:0.002
AUC 100.51% P: 0.170
281+ 1 240+ 124 14.4% | >0.
ng/mlxh] | 22501368 1 328012471 o5 66,106 34%) 012091k ogr9
S(S): <0.001
AUC(0-) 100.44%
4+1 46+ 12 13.7% | >0. -
[ng/mLxh] 338 375 3346 58 (95.20-105.96%) 3.7% 0.999
t2
8.20+1.90 8.10+1.93 - - - -
[h]
o 2.00 1.33 ] ] ] \
[h] [1.00-4.00] | [1.00-4.00]

® Median and [min—max] for tmax; CI, confidence interval; T, test; R, reference; WSV, within subject

variation; pharmacokinetic parameters — see text; ANOVA effects: S, Sequence; P, Period, F,

Formulation; S(S), Subject (Sequence).
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Table 4. Adverse events recorded after administration of a single 90 mg dose of ticagrelor

Test product | Reference product

No. of adverse events (AES) n =39 n =238

Wash-out period

Adverse events — TOTAL

=
[(o]

Headache

Covid-19

Decreased glucose

Increased glucose

Increased total bilirubin

Faint

Nose bleeding

Feeling unwell, sore throat

Redness in the left elbow bend

Increased ALT

Increased APPT

Bruise after injury

Increased d-dimer

Allergic reaction

Bruise in the right ulnar fossa

Bruise in the lefr ulnar fossa

Increased AST

Increased CRP

Increased bilirubin

o|lo|lo|lo|lr|r olr ol olokr krlolkr kr ol o o|lm
RlRrRrRrololr v Rklolw klolodol k| k ke
o|lo|lo|lo|o|lo|lo|lo|lo|lo|o|lo|o|lo|o|lo|lo|lo|Nd ol

Toothache

Sore throat 0 1 0

Note: three subjects were discontinued before period 2 (one was administered test product, and two
were administered reference product in period 1). Thus, there were 40 subjects included in the adverse

event analysis, but only 39 and 38 subjects for test and reference product, respectively
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Figure 1. Study flowchart
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Figure 2. In vitro dissolution profiles in water with 0.2% of Tween 80. Doted lines indicate
requirement of 75% dissolution in 45 minutes. Test — hard capsules (Tikozek); Reference —
film-coated tablets (Brilique®); n = 12
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Figure 3. Arithmetic mean (SD) ticagrelor plasma concentration—time profiles after a single
90 mg oral administration of the test (hard capsules, Tikozek) and the reference (film-coated
tablets, Brilique®) products, n = 37
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Figure 4. Visual presentation of pharmacokinetic parameters: (A) paired dot plots for Cmax,
(B) scatter plots with a geometric mean (grey line) for Cmax; (C) paired dot plots for

AUC(0-t), (D) scatter plots with a geometric mean (grey line) for AUC(0-t).

Test — hard capsules (Tikozek); Reference — film-coated tablets (Brilique®); n = 37
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