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The aim. To investigate the pharmacokinetic parameters of non-immunogenic staphylokinase (Fortelyzin®, SuperGene LLC,
Russia) in patients with acute myocardial infarction with ST-segment elevation (STEMI) on the electrocardiogram and in
patients with ischemic stroke.

Materials and methods. The clinical study was conducted in 50 patients with STEMI after a single intravenous administration
of non-immunogenic staphylokinase at a dose of 15 mg and in 50 patients with ischemic stroke after a single intravenous
administration of the drug at a dose of 10 mg. The main pharmacokinetic parameters were determined: half-life, initial
concentration, volume of distribution, clearance, and area under the pharmacokinetic curve.

Results. As a result of the study of the pharmacokinetics of non-immunogenic staphylokinase, it was found that after a
single intravenous administration of the drug at a dose of 15 mg, the initial concentration was 7.1 + 2.7 ug/mL, the half-
life was 5.77 £ 0.72 min, the clearance was 0.33 = 0.04 |/min, and the area under the pharmacokinetic curve (AUC,,) was
42.9 + 3.2 ug/mL*min. After administration of the drug at a dose of 10 mg, the initial concentration was 2.8 + 0.3 pg/mL, the
half-life was 5.11 + 0.56 min, the clearance was 0.35 + 0.06 |/min, and the area under the pharmacokinetic curve (AUCo_t) was
28.5 £ 3.6 ug/mL*min. The terminal half-life was 32 min in both dosage regimens.

Conclusion. It was found that non-immunogenic staphylokinase is characterized by a short half-life and high clearance,
which ensures the safety of the drug in clinical practice. The peculiarities of the pharmacodynamics of non-immunogenic
staphylokinase, associated with its interaction with plasmin in the thrombus and subsequent recirculation of released drug
molecules, allow it to be used in low doses, regardless of the patient’s body weight, despite the short half-life.
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Lenb. MWccnegoBaTb  papMaKOKMHETUYECKME  MApameTpbl  HEMMMYHOreHHon  ctaduiokuHasbl  (PopTenmsmnH®,
000 «CynpaleH», Poccvda) y MaUMEHTOB C OCTPbIM MHQApPKTOM MMOKapga Cc nogbémom cermeHta ST (OUMMNST)
3NEKTPOKAPAMOrpamMMbl U Yy NALMEHTOB C ULLIEMUYECKMM UHCYIBTOM.

Martepuanbl U metogpbl. KanHuyeckoe uccnegoBaHve nposegeHo y 50 naumeHtoB ¢ OMMRST nocne opHOKpaTHOro
BHYTPUBEHHOrO BBEAEHUA NpenapaTa HEeMMMYHOTEHHOW CTadpuNOKMHa3bl B fo3e 15 mr 1y 50 NaLMeHToB € ULLEMUNYECKUM
MHCYNbTOM MOCNe OAHOKPATHOrO BHYTPUBEHHOrO BBeAeHUA npenapata B go3e 10 mr. Onpeaensnncb OCHOBHblE
dapMaKOKMHETUYECKME MapameTpbl — MNEPUOL MNOJYBbIBEAEHWUA, HAYa/lbHAA KOHLEHTpAuus, O6bEM pacnpeneneHms,
KAUPEHC, a TaK¥Ke naowaab nog ¢apmakoKMHETUYECKOM KPUBOW.

Pe3synbratbl. B pe3synbrate uccnenoBaHua $GapMakKOKMHETUKM HEMMMYHOTEeHHOW CTaduNOKMHa3bl 6bl10 YCTaHOBNEHO,
YTO MOC/e OAHOKPATHOrO BHYTPMBEHHOrO BBEAEHWA npenapaTta B Ao3e 15 mr HayanbHaA KOHLLEHTpaLMA cocTaBas/a
7,1£2,7 mKr/mn, nepvog nonyebiBeAeHna — 5,77+0,72 muH, KaupeHc — 0,3330,04 a/muH, naowagb nop,
dapMaKOKMHETUYECKOM KpUBOW (AUCU_I) — 42,943,2 mKr/ma*muH. Mocne BBeaeHus npenapata B Ao3e 10 Mr HayasbHas
KOHLEHTpauua coctasaana 2,8+0,3 mkr/mn, nepuog nonysbisegeHna — 5,11+0,56 muH, kKampeHc — 0,35+0,06 n/MuH,
naowanb nog GapmakoKkMHeTnYeckoii kpusoii (AUC, ) — 28,543,6 MKr/ma*muH. TepMrHaNbHbIl Neprog, noyBebiseaeHNA
cocTaBmn 32 MMH B 060MX BapUaHTax f03MPOBAHMA.
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3ak0ueHue. YCTaHOB/IEHO, YTO HEMMMYHOTEHHasA CTadUI0KMHA3a XapaKTepr3yeTca KOPOTKUM NepuogoM NoyBbIBEAEHUA
1 BbICOKMM KIMPEHCOM, YTO obecrneunBaeT 6e30nacHOCTb NPUMEHEHWS NpenapaTa B KAMHUYECKOM NpakTuke. OcobeHHOCTH
bapmakogMHAMMKN HEMMMYHOTEHHOM CTadUNIOKMHA3bI, CBA3AHHbIE C ee B3aUMOAENCTBMEM C N1a3MUHOM B Tole Tpomba
1 nocneaytolei peuupKryaumelt BbiIcBob0KAAOLWMXCA MONEKYN NpenapaTa, No3BoJIAT UCNOAb30BaTh ee B HU3KMUX A03axX
He3aBMCMMO OT MacChl Te/la NauueHTa, HECMOTPSA Ha KOPOTKUIA NEPUOZ, MOYBbIBEAEHU.

KnioueBble CNoBa: HeMMMYyHOreHHasA cTaduNoKMHA3a; GapMaKOKUHETHKA; TPOMB0AN3NUC; MHbAPKT MUOKapAa; UWEMUYECKUI

WUHCYNbT

Cnucok cokpaweHuit: UM — nHbapKT muokapga; OMMNST — ocTpblt MHGAPKT MUOKapAa C NogbémMom cermeHTa ST;
T3/TA — Tpomb03aImMboAUA NeroyHbix aptepuin; MLLP — mogudunumpoBaHHan wkana PaHkuHa; TIT — TpombonuTmyeckas

Tepanua.

INTRODUCTION

Thrombolytic therapy (TLT) is a pathogenetically
sound method for treating acute myocardial
infarction (MI) with ST-segment elevation (STEMI),
ischemic stroke, and massive pulmonary embolism (PE),
reducing the risk of disability and mortality [1]. TLT is
simple to perform, relatively inexpensive, has extensive
experience in real clinical practice, and can be used at
all stages of care [2]. The introduction of thrombolytic
therapy into clinical practice has led to a significant
reduction in 30-day mortality in patients with STEMI —
from 17-18 to 5-8% [3].

The history of TLT for MI spans more than
60 years. At the Institute of Therapy of the USSR
(National Medical
Cardiology after

Academy of Medical Sciences

Research Center of named

Academician E.l. Chazov), under the guidance of
Academician A.L. Myasnikov, after a large number of
experimental studies of fibrinolysin (now understood
as plasmin) in thromboses of various localizations,
in 1961, E.l. Chazov was the first in the world to use
fibrinolysin in a patient with acute Ml, followed by
heparin therapy [4]. Work on creating effective and
safe thrombolytic drugs with a convenient dosing
regimen, absence of allergenic properties, and minimal
risk of hemorrhagic complications has been carried
out in many scientific laboratories. Currently, in the
Russian Federation, plasminogen activators (alteplase,
tenecteplase, staphylokinase) are most widely used
for TLT. It is known that staphylokinase is the most
fibrin-selective thrombolytic drug, since it exhibits
the highest affinity only to plasminogen adsorbed
on a fibrin clot, the so-called y-plasminogen [5].
prourokinase, alteplase,

Staphylokinase surpasses

and tenecteplase in its selectivity for fibrin [5].
The plasmin-staphylokinase complex activates the
transition of y-plasminogen to plasmin on the surface
of the thrombus. The plasmin formed simultaneously
enhances the fibrinolytic activity of staphylokinase,

and its excess is rapidly inactivated in the systemic
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circulation by a2-antiplasmin [6]. The high fibrin
selectivity of staphylokinase is confirmed by a minimal
decrease in the level of fibrinogen in the blood,
on average by 5%, while alteplase causes a drop in
the level of fibrinogen to 30% [7]. The absence of
systemic fibrinogenolysis explains the high safety of
staphylokinase: the risk of bleeding is lower if using
other thrombolytics that are non-selective to fibrin.

When the plasmin-staphylokinase complex is
inhibited by a2-antiplasmin, an active staphylokinase
molecule is released for subsequent recycles. The
recirculation of staphylokinase allows reducing the
dose used in clinical practice compared to tissue
plasminogen activators and makes it independent of
the patient’s body weight [8]. An expanded kinetic
analysis of the reaction of staphylokinase with plasmin
showed that its catalytic activity is 1000 times higher
than that of alteplase [9].

Unlike the native staphylokinase molecule, three
amino acids (Lys74, Glu75, and Arg77) are replaced by
alanine in the non-immunogenic molecule, as a result
of which the drug does not have antigenic activity [10].
Non-immunogenic staphylokinase is a single-chain
molecule with a molecular weight of 15.5 kDa. It has
been established that the fibrinolytic activity of non-
immunogenic staphylokinase is 40% higher than that of
the native staphylokinase molecule [11].

THE AIM. To establish the pharmacokinetic
parameters of non-immunogenic staphylokinase
in clinical studies in patients with acute myocardial
infarction with ST-segment elevation and with ischemic
stroke.

MATERIALS AND METHODS

Blood sampling in patients with acute

myocardial infarction with ST-segment elevation
open
study of the efficacy and safety of a single bolus

A multicenter randomized comparative

injection of  non-immunogenic  staphylokinase
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(15 mg) and tenecteplase (30-50 mg) in patients with
STEMI (FREEDOM-1) based on 11 leading medical
institutions in Russia was conducted in the period from
October 2014 to August 2016 in accordance with the
permission of the Ministry of Health of Russia No. 261
dated May 16, 2014 [12, 13]. Before inclusion in the
study, all patients signed an informed consent form.
The study was approved by the Ethics Council of the
Ministry of Health of Russia (protocol No. 81 dated
April 15, 2014) and local Ethics Committees based on
research centers.

382 patients were included in the study. Inclusion
criteria: diagnosis of STEMI in the first 12 hours from
the onset of the disease. Exclusion criteria: bleeding,
hemorrhagic stroke, ischemic stroke in the preceding
6 months, diseases with an increased risk of bleeding.
A complete list of inclusion and exclusion criteria in
the study has been published previously [12, 13].
Criteria for the effectiveness of TLT — the number
of patients with a decrease in the ST-segment of
the electrocardiogram by 50% from the initial value
after 90 min, as well as the number of patients with
restoration of coronary blood flow in the infarct-related
artery according to TIMI 2 + TIMI 3 (Thrombolysis in
Myocardial Infarction) criteria according to coronary
angiography. Safety criteria were the number of
major bleeding events, intracranial hemorrhages,
as well as mortality from all causes, cardiogenic
shock, and recurrent myocardial infarction during the
hospitalization period.

Patients were
191 each)
immunogenic staphylokinase (Fortelizin®, SuperGene LLC,
Russia) or tenecteplase (Metalyse®,
Ingelheim International, Germany). Randomization was
carried out by the method of envelopes. Recombinant

randomized into 2 groups

(n = for the administration of non-

Boehringer

non-immunogenic staphylokinase was administered
at a dose of 15 mg regardless of body weight as a
bolus over 10-15 seconds, tenecteplase — as a bolus
at a dose of 30-50 mg depending on body weight,
according to the instructions for medical use.

During the clinical study, blood was taken from
50 patients 3, 6, 9, 12, 15, and 20 min after the
administration of non-immunogenic staphylokinase in
a volume of 2 mL into heparin tubes with the patient’s
number and study point indicated on the label. The
blood tubes were centrifuged using a Liston C 2202
centrifuge for 10 min at a speed of 3000 rpm (Liston,
Russia). Blood plasma in a volume of at least 1 mL
was transferred to an Eppendorf tube. The choice of

418

study points was based on the results of a preclinical
pharmacokinetic study in hamsters, where the half-life
was 1.9 min [14].

Blood sampling in patients with ischemic stroke

A multicenter open randomized comparative study
of the efficacy and safety of a single bolus injection of
non-immunogenic staphylokinase and bolus-infusion
administration of alteplase in patients with ischemic
stroke (FRIDA) was conducted in the period from March
2017 to March 2019 in accordance with the permission
of the Ministry of Health of Russia No. 498 dated
July 15, 2016. The study was approved by the Ethics
Council of the Ministry of Health of Russia (Protocol
No. 125 dated May 24, 2016) Ethics
Committees based on research centers.

and local

336 patients were included in the study in
19 clinical centers. Inclusion criteria: ischemic stroke —
no more than 4.5 hours from the onset of symptoms.
Exclusion criteria: blood pressure over 185/110 mm Hg,
signs of severe stroke (NIHSS stroke scale score >25),
active bleeding, hemorrhagic stroke, diseases with an
increased risk of bleeding. A complete list of inclusion
and exclusion criteria in the study was published
previously [15, 16]. The primary efficacy criterion was
the number of patients who achieved good functional
recovery (0-1 points on the modified Rankin scale
[mRS]) at 90 days. Secondary efficacy criteria were
the change in the median NIHSS after 24 hours and at
90 days. Safety criteria were mortality from all causes
at 90 days, symptomatic hemorrhagic transformation
(according to ECASS-III criteria), major bleeding.
Patients were
168 each)
immunogenic staphylokinase (Fortelizin®, SuperGene
LLC, Russia) or alteplase (Actilyse®, Boehringer
Ingelheim International, Germany).
was carried out by the method of envelopes. Non-

randomized into 2 groups

(n = for the administration of non-

Randomization

immunogenic staphylokinase was administered at a
dose of 10 mg regardless of body weight as a bolus over
5-10 seconds, alteplase — as a bolus-infusion at a dose
of 0.9 mg/kg (maximum 90 mg) depending on body
weight, according to the instructions for medical use.
During the clinical study, blood was taken from
50 patients 3, 6, 9, 12, 15, and 20 min after the
administration of non-immunogenic staphylokinase in a
volume of 2 mL into a heparin tube with the patient’s
number and study point indicated on the label. The
blood tubes were centrifuged using a Liston C 2202
centrifuge for 10 min at a speed of 3000 rpm (Liston,
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Russia). Blood plasma in a volume of at least 1 mL was
transferred to an Eppendorf tube. The choice of study
points was also based on the results of a preclinical
pharmacokinetic study [14].

Determination of the concentration

of non-immunogenic staphylokinase in the blood

To determine the concentration of non-
immunogenic  staphylokinase in blood plasma,
calibration samples were prepared with concentrations
of 10; 5; 2.5; 1.25; 0.625; 0.312; 0.156 and 0.078 pg/mL
with a buffer solution (20 mM Tris-HCI, 150 mM Nacl,
0.005% Tween-20, pH=8.0) based on literature data on
achieving a staphylokinase concentration in the blood
of 1.24 + 0.24 pg/mL after a single administration at
a dose of 10 mg [17]. The test samples were diluted
3000 times with a buffer solution. For each sample,
3 wells of a plate with primary mouse antibodies to
staphylokinase were allocated. 100 pL of test and
calibration samples were added to the wells. 100 uL of
buffer solution was added to the negative control wells.
The plate was incubated for 60 min at a temperature of
37°C. After incubation, the liquid was removed, and the
wells were washed three times with 300 uL of buffer
solution. Then, 100 pL of a solution of secondary rabbit
antibodies labeled with horseradish peroxidase (20 mM
Tris-HCI, 150 mM NaCl, 0.005% Tween-20, pH = 8.0, 2%
bovine serum albumin, secondary antibodies diluted
1:1000) was added to each well, and the plate was
incubated for 60 min at a temperature of 37°C. After
incubation, the liquid was removed from the plate,
and the wells were washed five times with 300 uL of
buffer solution. Then, 100 pL of substrate solution
(150 mM phosphate-citrate buffer, pH = 5.0, 0.07%
orthophenylenediamine, 0.06% H,O,) was added to
each well. Incubated at room temperature for 3—=5 min
until staining appeared in the negative control sample.
50 pl of stop reagent (10% sulfuric acid solution)
was added to each well. Within 15 min after adding
the stop reagent, the optical density was measured
in each well at 490 nm on a microplate photometer
(ImmunoChem-2100, HTI, USA). The average optical
density value was calculated in three wells for each
sample. The concentration of the drug in the test
samples was determined using a calibration curve.

Statistical processing

Sample size calculation

According to the literature, the frequency of
achieving the primary efficacy criterion — a decrease
in the ST-segment of the electrocardiogram by 50%

Tom 13, Beinyck 5, 2025

from the initial level 90 min after thrombolysis —
when using tenecteplase is 66% [18], the frequency
of achieving the primary efficacy criterion when using
non-immunogenic staphylokinase according to a
phase Il clinical study is 83%. To prove the hypothesis
of non-inferiority of non-immunogenic staphylokinase
compared to tenecteplase in patients with STEMI, a
clinically significant limit of 12.5% was chosen. It was
established that a really absent difference between
the drugs (the upper limit of the 95% confidence
interval [Cl] will be lower than the non-inferiority
limit) with 80% probability* can be detected with a
set of 173 patients in each group (n = 347 patients for
2 groups). Taking into account the possible dropout of
10% of patients due to violations of the study protocol,
a set of 382 patients is necessary (n = 191 patients in
each group). Based on the fact that the study of the
pharmacokinetics of the comparison drug tenecteplase
was carried out depending on the dose in 20 (50 mg) or
48 (30 mg) patients [19], venous blood was taken from
50 patients to study the pharmacokinetic parameters of
non-immunogenic staphylokinase.

To prove the hypothesis of non-inferiority of non-
immunogenic staphylokinase compared to alteplase
in patients with ischemic stroke, it was established
that the frequency of achieving the primary efficacy
criterion — the number of patients with good
functional recovery at 90 days after thrombolysis
(mRS 0-1 points) — according to the SITS-MOST
registry is 54.8% [20]. The frequency of achieving the
primary efficacy criterion when using placebo averages
37.9% — this value was obtained from the
ECASS Il [21], Atlantis [22] and ECASS Il [23] studies,
where the favorable effect when using placebo
is 36.6%, 32% and 45.2%, respectively. Thus, the
difference between good functional recovery with
the use of alteplase and placebo is 16.9%. The non-
inferiority limit was set at 16%. When demonstrating
at a two-sided significance level of 5% to maintain 80%
comparison power, the minimum number of patients
included in the study was estimated at 152 patients
in each group. Taking into account a possible 10%
dropout, the sample size was increased to 336 patients
(n = 168 patients in each group). Based on the fact that
the study of the pharmacokinetics of the comparison
drug alteplase was carried out in 53 patients [19],
venous blood was taken from 50 patients to study the
pharmacokinetic parameters of non-immunogenic
staphylokinase.

! CeprueHko B.U., BoHgapesa W.B. MaTemaTuuyeckas CTaTUCTUKa B
KNMHUYECKMX wuccnegoBaHuax. Mockea: I0OTAP-Meguma, 2006. —
303 c. EDN: QLMSKH
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Statistical methods

The pharmacokinetic curve is described by the
equation:

C(t)=Axe*+Bxe™®,

where A and B are proportionality coefficients
(ug/L); o is the rate constant of drug distribution
(1/min); B is the rate constant of terminal elimination
(1/min).

The following parameters were calculated: half-
distribution period (t1/2q)f plasma half-life (t1/2B),
initial concentration in blood plasma (C), volume
of distribution (V, and V), drug clearance (CL, and
CL,), area under the pharmacokinetic curve within
the duration of observation (AUC ), area under

350 -
3.00 -
250 -
2.00 -
1.50 -

1.00 -

Concentration of the drug, pug/mL

0.50

the pharmacokinetic curve from zero to infinity
(AUC, ), area under the curve from zero to e with
extrapolation of the final phase (AUMC),
residence time of the drug in the systemic circulation

mean

(MRT), apparent volume of distribution at steady

state (V).
Statistical

R program

performed using the
(The R Foundation for
Statistical Computing and Graph Pad Prism 7, Graph
Pad Software Inc.,, USA). For continuous indicators,

analysis
(version 4.2)

was

the following descriptive statistics are presented:
number of data excluding gaps (n), arithmetic mean
(M), (SD), (Me), 25
and 75 percentiles (Q1 and Q3, respectively).

standard deviation median

Time, min

0.00 . .
0 3 6

9 12 15 20

Figure 1 — Pharmacokinetic profile of non-immunogenic staphylokinase at a dose of 15 mg in patients
with acute myocardial infarction with ST-segment elevation.
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Figure 2 — Pharmacokinetic profile of non-immunogenic staphylokinase at a dose of 10 mg in patients
with ischemic stroke.
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Table 1 — Baseline characteristics of patients

Characteristics

Indicator (n = 50)

Gender, male / female, n (%)

38 /12 (76% / 23%)

Age, M £ SD, years 58.9+9.9
Patients over 75 years old, n (%) 3 (6%)
Weight, Me (Q1; Q3), kg 82 (73;91)
Body mass index, Me (Q1; Q3), kg/m? 27.8(25.3;31.2)
Arterial hypertension, n (%) 37 (75%)
Dyslipidemia, n (%) 43 (86%)
Smoking, n (%) 20 (40%)
Type Il diabetes mellitus, n (%) 7 (14%)
Myocardial infarction, n (%) 6 (12%)
ST-segment elevation, M £ SD, mm 3.58+1.96
SBP, M * SD, mm Hg 118.6+8.2
DBP, M + SD, mm Hg 74.7+7.2
HR, M % SD, bpm 7591147

STEMI localization, n (%):

anterior 21 (42%)
inferior 28 (56%)
other 1(2%)

Time from the onset of symptoms to TLT, M £ SD, h

3417

Note: TLT — thrombolytic therapy.

Table 2 — Assessment of the effectiveness and safety of non-immunogenic staphylokinase in patients
with acute myocardial infarction with ST-segment elevation

Criterion Indicator (n = 50), n (%)
Decrease in the ST-segment after 90 minutes by 50% 40 (80%)
Restoration of coronary blood flow
according to TIMI criteria:
0 12 (24%)
1 3(6%)
2 16 (32%)
3 19 (38%)
2+3 35 (70%)
Death from all causes 1(2%)
Cardiogenic shock 2 (4%)
Recurrent myocardial infarction 2 (4%)
Major bleeding 0 (0%)
Intracranial hemorrhage 0 (0%)
Allergic reactions 0 (0%)

Table 3 — Pharmacokinetic parameters in patients with acute myocardial infarction with ST-segment elevation

Parameter Value (M + SD) Parameter Value (M % SD)

A, ug/L 5.56+2.63 CL, L/min 0.33+0.04

a, 1/min 0.32+0.05 v, L 3.68+0.74

B, ug/L 1.52+0.14 CL,, L/min 0.45 +0.07

B, 1/min 0.04 +0.00 AUC,,, ug/mLxmin 42.9+32

t, e MIN 5.77+0.72 AUC, _, ug/mLxmin 68.02 +7.04

t e min 32.08+£4.11 AUMC, pg/mLxmin? 3742.07 £ 831.14
Cy pg/mL 7.1+27 MRT, min 42.26 +5.57

v, L 6.62£0.63 v, L 10.3£1.05

Tom 13, Beinyck 5, 2025
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Table 4 — Baseline characteristics of patients

Characteristics

Indicator (n = 50)

Gender, male / female, n (%) 32 /18 (64% / 36%)
Age, M % SD, years 64.4+9,6

Patients over 80 years old, n (%) 2 (4%)

Weight, Me (Q1; Q3), kg 80 (74; 90)

Body mass index, Me (Q1; Q3), kg/m?

27.1(24.7;30.7)

Arterial hypertension, n (%) 48 (95%)
Atrial fibrillation, n (%) 20 (40%)
Smoking, n (%) 13 (26%)
Dyslipidemia, n (%) 10 (20%)
Stroke, n (%) 7 (13%)
Type Il diabetes mellitus, n (%) 5 (10%)
Time from the onset of symptoms to TLT, M+SD,h  2.9+0.8
Median NIHSS before TLT, Me (Q1; Q3), points 11 (8; 14)
Median mRS before TLT, Me (Q1; Q3), points 4 (4;5)
Focus localization, n (%):

Right middle cerebral artery 22 (44%)
Left middle cerebral artery 24 (48%)
Vertebrobasilar basin 4 (8%)

Note: TLT — thrombolytic therapy.

Table 5 — Assessment of the effectiveness and safety of non-immunogenic staphylokinase in patients
with ischemic stroke

Criterion Indicator (n = 50), n (%)
Number of patients with mRS 0-1 points at 90 days 25 (50%)

Median NIHSS after 24 hours, points 6 (3-11%)

Median NIHSS at 90 days, points 2 (1-5%)

Death from all causes at 90 days 5 (10%)

Symptomatic hemorrhagic transformation (ECASS-IIl) 1(2%)

Major bleeding 0 (0%)

Myocardial infarction 0 (0%)

PE 0 (0%)

Allergic reactions 0 (0%)

Note: PE — pulmonary embolism.

Table 6 — Pharmacokinetic parameters in patients with ischemic stroke

Parameter Value (M + SD) Parameter Value (M % SD)
A, ug/L 1.78+0.29 CL, L/min 0.35+0.06
a, 1/min 04+0.1 v, L 3.62+0.42
B, ug/L 1.02+0.1 CL,, L/min 0.51+0.1
B, 1/min 0.03 +0.00 AUC,, ug/mLxmin 28.5+3.6
t, 5 MIN 5.11+0.56 AUC, _, ug/mLxmin 52.94 +4.11
t min 32.67+£2.12 AUMC, pg/mLxmin? 242495 +277.57
C, Hg/mL 2.8+0.3 MRT, min 38.71+2.62
V,L 5.79+£0.66 VL 9.4+0.8

Table 7 - Comparison of pharmacokinetic parameters of the main thrombolytic drugs
Parameter Non-immunogenic Non-immunogenic Alteplase, Tenecteplase,

staphylokinase, 10 mg staphylokinase, 15 mg 100 mg 30-50 mg

o min 5.11 £ 0.56 5.77 £0.72 3.5t14 24+55
t min 32.67+£2.12 32.08+4.11 72 + 68 129+ 87
CL,, L/min 0.35+0.06 0.33+0.04 0.57+0.13 0.1+0.05

Note: data are presented as M+SD.
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RESULTS staphylokinase were CL, = 0.33 * 0.04 L/min and

Study of the pharmacokinetics

of non-immunogenic staphylokinase at a dose

of 15 mg in patients with acute myocardial
infarction with ST-segment elevation

The study included 50 patients with STEMI
who received non-immunogenic staphylokinase
once as a bolus at a dose of 15 mg. Demographic,
data,
characteristics, and time intervals are presented in
Table 1.

The average age of patients was 58.9 + 9.9 years.

anthropometric, anamnesis clinical

The proportion of patients with arterial hypertension
(75%),
lipid metabolism disorders —

was 37 patients
12%,
86%. Inferior infarctions predominated in the study
population (56%).

Assessment of the effectiveness and safety of TLT is

previous myocardial

infarction —

presented in Table 2.

A decrease in the ST-segment after 90 min by 50%
from the initial value was noted in 80% of patients.
Restoration of coronary blood flow in the infarct-
related artery according to TIMI 2 + TIMI 3 criteria was
observed in 70% of patients. Death from all causes
was 2%. No intracranial hemorrhages were registered
with the use of non-immunogenic staphylokinase. No
patients experienced major bleeding or hemorrhagic
stroke. No allergic reactions were registered as a result
of the study.

The averaged pharmacokinetic profile of non-
immunogenic staphylokinase is presented in Figure 1.

Non-immunogenic staphylokinase is a short-lived
molecule and is characterized by rapid elimination
from the systemic circulation. Table 3 presents the
pharmacokinetic parameters of non-immunogenic
staphylokinase in patients with STEMI after a single
bolus injection.

The initial concentration C, of non-immunogenic
staphylokinase in blood plasma is 7.1 + 2.7 pg/mL.
The half-life t e of non-immunogenic staphylokinase,
administered once as a bolus at a dose of 15 mg in
patients with STEMI, is 5.77 £ 0.72 min, the terminal
half-life t,,; — 32.08 + 4.11 min. The mean residence
time of non-immunogenic staphylokinase in the
systemic circulation (MRT) was 42.26 + 5.57 min. Thus,
non-immunogenic staphylokinase has a very short half-
life and is rapidly metabolized to amino acids when
passing through the liver.

The

clearances of non-immunogenic

Tom 13, Beinyck 5, 2025

CL,= 0.45 + 0.07 L/min. High clearance rates indicate
rapid elimination of the staphylokinase molecule
from the systemic circulation. The area under
the pharmacokinetic curve within the duration of
observation AUC_ was 42.9 + 3.2 ug/mbLxmin, the area
under the pharmacokinetic curve from 0 to infinity
AUC, _ was 68.02 + 7.04 pug/mLxmin. The area under
the curve from 0 to infinity with extrapolation of the
final phase (AUMC) was 3742.07 + 831.14 ug/mLxmin?,

The apparent volume of distribution of the drug at
steady state (V) was 10.3 £ 1.05 L. The magnitude of
the apparent volume of distribution is not equivalent to
the physiological volume, but reflects the distribution
of the drug and the degree of its binding in the body.
V., of non-immunogenic staphylokinase showed an
excess of the value over the real volume of circulating
blood, which indicates the elimination of the drug from
the systemic circulation and probable penetration into
the thickness of the thrombus, which is consistent with
the available data on the pharmacodynamics of the

staphylokinase molecule.

Study of the pharmacokinetics

of non-immunogenic staphylokinase at a dose

of 10 mg in patients with ischemic stroke

The study included 50 patients with ischemic
stroke who received non-immunogenic staphylokinase
once as a bolus at a dose of 10 mg. Demographic,
data,
characteristics, and time intervals are presented in
Table 4.

The average age of patients was 64.4 + 9.6 years.

anthropometric, anamnesis clinical

The proportion of patients with arterial hypertension
was 95%, previous stroke — 13%, lipid metabolism
disorders — 20%. The median NIHSS at admission
was 11 (8-14) points. The average time from the onset
of symptoms to thrombolysis was 2.9 + 0.8 h

Assessment of the effectiveness and safety of TLT is
presented in Table 5.

The number of patients with good functional
recovery (0-1 points on the modified Rankin Scale)
on day 90 was 50%. 24 hours after thrombolysis, a
decrease in the median NIHSS from 11 to 6 points was
noted, by the 90 day — to 2 points. Mortality from
all causes on the 90th day was 10%. Symptomatic
hemorrhagic transformation according to ECASS-III
criteria was registered in 1 patient (2%). No major
bleeding or allergic reactions were registered.
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The averaged pharmacokinetic profile of the
medicine in patients with ischemic stroke is presented
in Figure 2.

It has been shown that the kinetic profile of
non-immunogenic staphylokinase in patients with
ischemic stroke is similar to that in patients with
STEMI: the drug is characterized by a short half-life
and rapid elimination from the bloodstream. Based
on the concentration values of non-immunogenic
blood,
parameters were calculated when using the drug at a
dose of 10 mg (Table 6).

The initial concentration C, of non-immunogenic
with ischemic stroke
in blood plasma was 2.8 + 0.3 pg/mL. The half-
life t is 5.11 * 0.56 min, the terminal half-life

1/2a

tl/zp — 32.67 * 2.12 min. The mean residence time

of the drug in the systemic circulation (MRT) was

staphylokinase in  the pharmacokinetic

staphylokinase in patients

38.71 + 2.62 min. These values are slightly lower than
the indicators obtained in patients with STEMI due
to the fact that the drug was administered at a lower
dose (10 mg vs 15 mg). The clearances CL, and CL, were
0.35 + 0.06 L/min and 0.51 = 0.1 L/min, respectively,
and are generally similar to the clearance values of
non-immunogenic staphylokinase in patients with
STEMI. The area under the pharmacokinetic curve
within the duration of drug observation AUC & was
285 +

pharmacokinetic curve from 0 to infinity AUC _ —

3.6 pg/mlLxmin, the area under the
52.94 t 4.11 pg/mlLxmin. The area under the curve
from 0 to infinity with extrapolation of the final
phase (AUMC) was 2424.95 + 277.57 pg/mblxmin2.
The apparent volume of distribution of the drug at
steady state in ischemic stroke is slightly lower than
in patients with STEMI (9.41 + 0.8 L vs 10.3 + 1.05 L),
which is probably due to the smaller volume of
thrombotic masses in the occlusion of cerebral

arteries.

DISCUSSION

This article presents the results of a study of the
pharmacokinetic parameters of non-immunogenic
staphylokinase after its single bolus administration
in patients with STEMI and ischemic stroke. It was
established that both at a dose of 15 mg and at a
dose of 10 mg, non-immunogenic staphylokinase
is characterized by a short half-life (5.11 min and
5.77 min, respectively), the terminal half-life was

32 min in both dosing options, clearance — 0.35 L/min

424

and 0.33 L/min, respectively. It is important to note
that these results correspond to the results of a study
of the pharmacokinetics of the staphylokinase molecule
used at a dose of 10 mg in patients with STEMI [24]:
it was shown that its half-life was 6.3 * 0.6 min; the
terminal half-life was 37 + 15 min. The clearance of the
staphylokinase molecule was 0.27 + 0.1 L/min.

Table 7
parameters of the most commonly used thrombolytic
[25]. The half-life of
staphylokinase is the closest to that of the tissue

shows the main pharmacokinetic

drugs non-immunogenic
plasminogen activato — alteplase. It is important
to note that alteplase is used as a bolus-infusion for
1-2 hours depending on the indication, and the dose
is selected individually from the patient’s body weight,
which greatly complicates its use in emergency medical
care and may be the cause of dosing errors. The
pharmacodynamic properties of non-immunogenic
staphylokinase associated with its interaction with
plasmin in the thrombus and subsequent recirculation
of released drug molecules allow it to be used in lower
doses regardless of the patient’s body weight, despite
the short half-life. Tenecteplase is a modified alteplase
molecule created for single bolus administration.
The half-life of tenecteplase is 24 + 5.5 min, which is
significantly higher than that of non-immunogenic
staphylokinase and alteplase, however, tenecteplase,
like alteplase, requires dose selection depending on the
patient’s body weight.

The pharmacodynamic and pharmacokinetic
properties of the non-immunogenic staphylokinase
molecule are reflected in clinical practice. Thus,

according to the registry of patients with STEMI
“REGION-IM”", conducted under the auspices of the
Medical
named after Academician E.l. Chazov, 36% of patients
with STEMI

staphylokinase,

National Research Center of Cardiology
receive TLT wusing non-immunogenic

and at the prehospital stage this
figure reaches 42%. The frequency of use of non-
immunogenic staphylokinase in primary vascular
departments reaches 51% [26]. The pharmacokinetic
features of non-immunogenic staphylokinase
determine the convenience of its use, especially in
emergency medical care. Timely TLT for patients with
STEMI using drugs with rapid bolus administration
allows accelerating reperfusion, preserving the
myocardium, and reducing the burden of complications
of cardiovascular diseases, since it is known that every

5% increase in the size of the myocardial infarction zone
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contributes to an increase in one-year mortality from all
causes or hospitalization for heart failure within a year
by 20% [27]. Monitoring the use of non-immunogenic
staphylokinase in real clinical practice includes more
than 50 thousand patients, in whom high safety and
effectiveness of the treatment are shown [28]. Non-
immunogenic staphylokinase is included in the current
list of Vital and Essential Drugs, Russian and Eurasian
clinical guidelines and standards for the treatment of
patients with STEMI.

In 2024,
included in the clinical guidelines for the treatment of

non-immunogenic staphylokinase was

ischemic stroke in the first 4.5 hours from the onset
of the disease. A rapid (10 sec) single bolus of non-
immunogenic staphylokinase at a single dose of 10 mg
in patients with ischemic stroke with any body weight,
including those weighing more than 100 kg, has
advantages over a one-hour administration of alteplase
at a dose of 0.9 mg/kg (maximum 90 mg) in the form
of faster reperfusion and a greater number of good
functional outcomes.

According to the FORPE study, non-immunogenic
staphylokinase, administered as a single bolus at
a dose of 15 mg, is effective in the treatment of
massive pulmonary embolism (PE) [29]. Currently, a
double-blind placebo-controlled clinical trial of non-
immunogenic staphylokinase is being conducted in
patients with intermediate-high risk PE (permission
of the Russian Ministry of Health No. 106 dated
March 21, 2024; clinicaltrials.gov No.NCT06362746) [30].
A clinical trial of non-immunogenic staphylokinase is
being conducted with its intra-arterial intratrombal

administration in patients with thrombosis of the
arteries of the lower extremities in comparison with
surgical methods of treatment FORAT (permission of
the Russian Ministry of Health No. 184 dated March
18.03, 2022; clinicaltrials.gov No. NCT05372718) [31]. It
is expected that the pharmacokinetic features of non-
immunogenic staphylokinase will contribute to the
expansion of indications for safe TLT.

Study Limitations
The
staphylokinase have not been studied with bolus-

pharmacokinetics of non-immunogenic
infusion dosing regimen (10 mg bolus and 5 mg
infusion) due to the low prevalence of this regimen.
According to observational studies, 96% of patients
receive the drug as a single bolus at a dose
of 15 mg [28].

CONCLUSION

This article presents the results of a study of the
pharmacokinetic parameters of non-immunogenic
staphylokinase after a single bolus administration in
patients with STEMI and ischemic stroke. The features
of the pharmacokinetics and pharmacodynamics of the
non-immunogenic staphylokinase molecule are that
with a short half-life, high clearance and low dose, the
drug has a pronounced fibrinolytic effect, not inferior in
effectiveness to other thrombolytic drugs administered
bolus and bolus-infusion in significantly higher doses.
The data obtained in the course of these studies
explain the high efficacy and safety of TLT using non-

immunogenic staphylokinase.
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