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Semaglutide is a representative of analogues of the incretin hormone human glucagon-like peptide-1 (GLP-1) and is currently
used in Russia for the treatment of type 2 diabetes mellitus (T2DM; in monotherapy and in combination therapy), including
patients with obesity and overweight.

The aim of the work was to conduct a comparative assessment of the physicochemical properties, a biological activity,
bioequivalence and safety, including tolerability and immunogenicity, of the drug Quincent® (semaglutide, 1.34 mg/ml, a
solution for a subcutaneous administration, Promomed Rus LLC, Russia) and the drug Ozempic® (semaglutide, 1.34 mg/ml, a
solution for a subcutaneous administration, Novo Nordisk A/S, Denmark) when administered to healthy volunteers.
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Materials and methods. To assess the degree of similarity of the study drug Quincenta® (semaglutide, 1.34 mg/ml, a
solution for a subcutaneous administration, Promomed Rus LLC, Russia) with a chemically synthesized active substance
to the original (reference) drug Ozempic® (semaglutide, 1.34 mg/ml, a solution for a subcutaneous administration, Novo
Nordisk A/S, Denmark), a comparative study of physicochemical properties and a biological activity was carried out. To assess
the bioequivalence of the study drug and the reference drug, an open randomized parallel comparative study with the
participation of healthy volunteers (n=54), 54 participants of which had been included in the population, was conducted.
The volunteers were randomized into 2 groups in a 1:1 ratio, and received a single dose subcutaneously either of the study
drug (domestic semaglutide at a dose of 0.5 mg) or the reference drug (foreign semaglutide at a dose of 0.5 mg). The
mode of administration was in the morning on an empty stomach. A semaglutide concentration was determined in serum
samples using a previously validated enzyme-linked immunosorbent assay (ELISA) method. A quantitative determination of
antibodies to semaglutide in the human serum by ELISA was carried out with a microplate photometer using ready-made
kits pre-validated by the manufacturer. The conclusion about the bioequivalence of the compared drugs was made using an
approach based on the assessment of 90% confidence intervals for the ratios of the geometric mean values of the parameters
Crae AUC, of semaglutide in the measurement original units.

Results. The results of the comparative analysis of the study drug and the reference drug demonstrate the comparability of
their physicochemical properties and biological activity. The results of the clinical study demonstrated the bioequivalence of
the test drug and the reference drug. Thus, the pharmacokinetic parameters of the drugs were comparable to each other:
the C__ value for the study drug was 42.088+8.827 ng/ml, for the reference drug Ozempic® it was 42.2556+7.84. Herewith,
the half-life for the study drug and the reference drug was 168.39+39.47 and 157.99+28.57 hours, respectively. The resulting
90% confidence intervals for the ratio of the C__ and AUC_ values of the study drug and the reference drug were 90.89—
109.15 and 91.66-111.27%, respectively. The tolerability of the drugs in the volunteers was notified as good. No adverse
events were recorded during the study. No serious adverse events were reported throughout the study. According to the
results of the immunogenicity analysis, no antibodies to Russian-made semaglutide were detected in the blood serum of
the volunteers, which indicated the lack of Results. The results of a comparative analysis of the study drug and the reference
drug demonstrate the comparability of physicochemical properties and biological activity. The results of the clinical study
demonstrated the bioequivalence of the study drug and the reference drug. Thus, the pharmacokinetic parameters of
the drugs were comparable to each other: the C__ value for the study drug was 42.088+8.827 ng/ml, for the reference
drug Ozempic® this figure was 42.2556+7.84. At the same time, the half-life for the study drug and the reference drug was
168.39+39.47 and 157.99+28.57 hours, respectively. The resulting 90% confidence intervals for the ratio of the C__ and
AUC_, values of the study drug and the reference drug were 90.89-109.15 and 91.66-111.27%, respectively. Tolerability of
the drugs in volunteers was noted as good. No adverse events were recorded during the study. No serious adverse events
were reported throughout the study. According to the results of the immunogenicity analysis, no antibodies to Russian-made
semaglutide were detected in the blood serum of the volunteers, which indicated the lack of the drug immunogenicity.
Conclusion. In the course of the study, the comparability of the physicochemical properties and biological activity of the
studied Russian drug with the chemically synthesized active substance Quincenta® to the reference drug Ozempic® was
confirmed: the activity range of the studied drugs was within 80-120% in relation to the standard sample of semaglutide.
The bioequivalence and a similar safety profile, including the immunogenicity and tolerability of the Russian drug Quincenta®
(semaglutide 1.34 mg/ml, Promomed Rus LLC, Russia) were shown in comparison with the foreign drug Ozempic®
(semaglutide 1.34 mg/ml, Novo Nordisk A/C, Denmark).

Keywords: glucagon-like peptide-1; GLP-1; bioequivalence; pharmacokinetics; semaglutide; type 2 diabetes mellitus;
physicochemical properties; safety profile; biological activity

Abbreviations: T2DM — Type 2 diabetes mellitus; CVDs — cardiovascular diseases; GK — glycemic control; ASCVDs —
atherosclerotic cardiovascular diseases; HbAlc — glycated hemoglobin; GLP-1 — glucagon-like peptide-1; CHF — chronic heart
failure; iINGLT-2 — inhibitors of sodium-glucose cotransporter-2; CKD — chronic kidney disease; BMI — body mass index;
ARVI—acute respiratory viral infection; AP —arterial pressure; HR—heart rate; RR —respiratory rate; ECG —electrocardiography;
AE — adverse event; SAE — serious adverse event; Cl — confidence interval.
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Cemarnytua ABNAETCA NPeACTaBUTENIEeM aHaNoroB MHKPETMHOBOTO FOPMOHA Ye/loBEYECKOro  [1toKaroHonogo6Horo
nentuga-1 (FMMN-1) n B HacToAwee Bpema B Poccum MCnosib3yeTcs Aaa JiedeHus caxapHoro guabeta 2 tuna (CA 2; B
MOHOTEpPanuu 1 B KOMBMHMPOBAHHOW TEpanuu), B TOM YUCNE, Y MALLUEHTOB C OXKMUPEHUEM U M3BLITOYHOM Maccol Tena.
Lienb. MpoBecTv cpaBHUTENbHYIO OLEHKY GUIUKO-XUMMUYECKUX CBOMCTB, BMONOrMYECKON aKTUBHOCTU, BUO3IKBUBANEHTHOCTU
1 6e30MacHOCTH, BK/IOYAA MEepPeHOCMMOCTb MU UMMYHOFeHHOCTb, JIeKapcTBEHHOTO npenapaTta KeBuHceHTa® (cemarnytua,
1,34 mr/mn, pacTBop A4S MogKoxHoro BeeaeHusa, OO0 «Mpomomen», Poccua) u npenapata O3emnuk® (cemarnyTtua,
1,34 mr/mn, pactBop A4/iA MNOAKOXKHOro BeegeHus, Hoso Hopauck A/C, [aHuAa) npu BBEAEHUM 340POBbIMU
[obposonbLAMMU.

Matepuanbl U meToabl. /15 OUEHKM cTeneHn nogobums uccnegyemoro npenaparta KeuHcenTa® (cemarnytma, 1,34 mr/mn,
pacTBop gna nogKoxKHoro BeegeHusa, 000 «Mpomomes», Poccus) ¢ XMMUYECKU CUHTE3MPOBAHHbIM aKTUBHbIM BELLECTBOM
opurMHanbHomy (pedepeHTHomy) npenapaty O3emnuk® (cemarnytva, 1,34 mr/mna, pacTBop A1 NMOAKOXKHOIO BBEAEHMS,
Hoso Hopauck A/C, [laHus) 6b110 NPOBEAEHO CPaBHUTEIbHOE U3ydeHUe GU3NKO-XMMUYECKUX CBOMCTB M BMoNOrMyecKkom
AKTUBHOCTU. 1A OLEHKN BMOIKBMBANEHTHOCTU UCCaeayeMoro U pedepeHTHoro npenapata 6bl10 NPOBEAEHO OTKPbITOE
paHAOMM3NPOBaHHOE Mapasfe/lbHOE CPaBHWUTE/IbHOE WCC/IEefOBaHME C y4acTUeM 3[40pOBbiX Aobposonbues (n=54), u3
HUX B MONYAAUMIO O/NA OLEHKM 6MO3KBMBANEHTHOCTM BowaM 54 y4yacTHMKA. [obpoBonbLbl HblIM pPaHLOMU3NPOBAHDI
B 2 rpynnbl B COOTHOWeHMN 1:1 M nonyvyann OAHOKPATHO MOAKOXMKHO YTPOM HaToWaK, Anbo uccnesyembli npenapat
(oTeuecTBeHHbIN cemarnytua B gose 0,5 mr), nmbo pedepeHTHbIN NpenapaTt (3apybexkHbii cemarnytua B gose 0,5 mr).
KoHueHTpauuto cemarnytuaa onpegensnn B obpasLax CbiIBOPOTKM KPOBM C MOMOLLLbIO MpesBapuTesbHO BaauANPOBAHHOIO
meToga UMMyHobepMeHTHOro aHanusa (MDA). KonnyecTseHHoe onpeaeneHve aHTUTEN K CEMAryTUAY B CbIBOPOTKE KPOBU
yenoseka metogom MDA 6bi10 NPOBEAEHO C MOMOLLLI0 GOTOMETPA AN MUKPOMJIAHLLETOB C UCMNO/b30BAaHUMEM TFOTOBbIX
npesBapuTe/ibHO BaIMAMPOBAHHbIX NPOM3BOAUTENEM HabOPOB. BbIBOA 0 6MO3KBMBANIEHTHOCTM CPAaBHMBAEMbIX MPEMAPATOB
[enanu ¢ Ucnonb3oBaHMEM NOAXOAA, OCHOBAHHOIO Ha oueHKe 90% f0BepUTe/IbHbIX MHTEPBAIOB A1 OTHOLIEHUIN CPeaHUX
reomeTpuyeckmx 3HauyeHui napametrpos C_, AUC  cemarnytmza B UCXOAHbIX eAUHULAX U3MEPEHUA.

max’ (0-t)
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Pe3ynbTatbl. Pe3ynbTaTbl CPaBHUTE/NILHOTO aHanAuW3a uccnegyemoro v pedepeHTHOro npenapata AeMOHCTPUPYHOT
COMOCTaBUMOCTb  GU3UKO-XMMUYECKUX Pe3ynbTatbl  KAMHUYECKOTO
1ccnefoBaHUA NPOAEMOHCTPMPOBAAM GMO3IKBUBANIEHTHOCTb MCC/E4yemMOoro npenapata M npenapata cpaBHeHus. Tak,
papMaKoKMHeTMYecKMe napameTpbl npenapaTos 6blaM cOMOCTaBUMbI Mexay coboii: BennunHa C_ Ana mccaedayemoro

CBOWCTB UM  BMONOTMYECKOW  aKTUBHOCTW.

npenapata coctasuna 42,088+8,827 Hr/mn, Ona npenapata cpaBHeHus 03emnuK® [aHHbIA MOKasaTeNb COCTaBMI
42,2556+7,84. lNpn sToM nepuos MONyBblBEAEHUA ONA UCCNeQyeMOoro npenapata M npenapata CpaBHEHUA COCTaBWA
168,39+£39,47 n 157,99428,57 4, coorBeTcTBEHHO. [onyyeHHble 90%-Hble AOBeEpUTE/IbHbIE MHTEPBa/bl A8 OTHOLIEHWUA
3HaYeHum C... 1 AUC  u1ccnenyemoro npenaparta u pepepeHTHoro npenapara cocrasuav 90,89-109,15 n 91,66-111,27%,
COOTBETCTBEHHO. [MepeHOCMMOCTb npenapaTtoB Yy [06poBosibLeB Oblna oTMeyeHa Kak xopolwas. [pu nposeneHMM
MUCCNefoBaHNA He 6bl1o 3adUKCMPOBAHO HeXenaTesbHbIX fABAEHWW. B TeyeHWe Bcero uccnegoBaHus He 6bino
3aperucTpupoBaHO HW OAHOTO CEPbE3HOr0 HeKenaTesbHoro AsneHuA. o pesynbrTaTtam aHanuM3a MMMYHOreHHOCTU
Yy £06poBO/bLEB HE OblAW BbIABAEHbI aHTUTENIA K CemarnyTuay POCCUMCKOro MpOM3BOACTBA B CbIBOPOTKE KPOBW, YTO
CBUAETENbCTBOBAO 06 OTCYTCTBUM MMMYHOTEHHOCTU NpenapaTa.

3akntoueHue. B xoe npoBeAeHHOro UcCief0BaHUA Bblna NOATBEPKAEHA CONOCTaBUMOCTb GUIUKO-XMMUYECKMUX CBOWMCTB U1
61010rMYECKON aKTUBHOCTU MCCNEAYEMOTO POCCUICKOTO NpenapaTa ¢ XMMUYECKM CUHTE3UPOBAHHbBIM aKTUBHbIM BELLECTBOM
KBuHceHTa® npenapaTy cpaBHeHMA O3eMnMK®: AManasoH akTUBHOCTU UCCeyeMblX NPenapaToB HaxoAu/ca B npeaenax
80-120% nO OTHOLIEHWUIO K CTaHAAPTHOMY 06pasLy cemarnytnaa. MokaszaHa 6GUO3KBUBANEHTHOCTb U CXOAHbIN Npodunb
6e30MacHOCTM, BK/OYAA MMMYHOTEHHOCTb M NepPeHOCUMOCTb POCCUIACKOro Npenaparta KBuHceHTa® (cemarnytug, 1,34 mr/mn,
000 «lMpomomepgy, Poccua) B cpaBHeHUM C 3apybeskHbIM npenapatom O3emnuk® (cemarnytug, 1,34 mr/mn, Hoso Hopaunck
A/C, NaHusa).

KnioueBble cnoBa: rioKaroHonoAo6bHbIM nentua-1; [MM-1; 6MO03KBUBANEHTHOCTb; GapMaKOKMHETUKA; CemarnyTua;
caxapHblli AnabeT 2-ro TMNa, GU3NMKO-XMMUYECKME CBOMCTBA, Npodu/ib besonacHocTH, buonormyeckas akTUBHOCTb

Cnucok cokpaweHumit: C[, 2 — caxapHblit guabet 2 Tuna; CC3 — cepaeyHo-cocyamcTble 3abonesaHus; MK — mmMKemMmnyeckuni
KOHTponb; ACC3 — aTepocK/epoTUYeCKMe cepaeyHo-cocyauctble 3abonesaHus; HbAIC — rIMKMPOBaHHbLIN remMornobuH;
IMN-1 — raoKaroHonogobHbi nentna-1; XCH — XpoHW4eckasa cepaedHas HepgoctaTovyHocTb; MHIT-2 — uMHrMbutopbl
HATPUI-IIOKO3HOro KoTpaHcnopTepa-2; XBIM — xpoHuyeckasa 6onesHb novek; MMT — uHgeke maccol Tena; OPBU — octpasn
pecnupatopHasn BUpycHasa MHbeKuma; ALL—apTepranbHoe aasneHune; YCC —yacToTa cepaeyHbIx cokpalweHmii; Y40, —vactoTa
OblXxaTeNbHbIX ABUXKEeHUI; KT — anekTpokapanorpadus; HA — HexkenaTenbHoe AsneHune; CHA — cepbE3Hoe HexenaTenbHoe

ABneHue; AN — noBepuTenbHbIA UHTEPBA.

INTRODUCTION

Given the increasing prevalence of type 2 diabetes
mellitus (T2DM) and its associated complications?® [1],
the need to develop highly effective treatment strategies
for this serious disease has never been greater. The focus
of treatment for type 2 diabetes has traditionally been a
glycemic control?, but in recent years, the standards of
care have emphasized the importance of a multifactorial
approach that includes the correction of cardiovascular
disease (CVD) risk factors such as hyperglycemia,
as well as overweight/obesity, hypertension, and
dyslipidemia® [1, 2].

T2DM people are known to have a 2- to 4-fold
higher risk of developing CVDs than people without
diabetes, and cardiovascular events are more likely
to occur at an earlier age. CVDs are the main cause
of death in T2DM* patients [3, 4]. It has been proven
that influencing cardiovascular risk factors as a part of
the T2DM treatment can reduce mortality from the

! International Diabetes Federation. IDF Diabetes Atlas (2021).
Available  from: https  https://www.diabetesatlas.org/data/en/
region/3/eur.html

2 Clinical guidelines Type 2 diabetes mellitus in adults, 2022. Available
from: https://cr.minzdrav.gov.ru/schema/290_2

3 lbid.

4 International Diabetes Federation. IDF Diabetes Atlas, 2021.
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disease itself and its complications. Thus, the Steno-2
study [5] showed that a comprehensive control of
diabetes risk factors can reduce the incidence of
cardiovascular events by more than 50%.

But although a harder glycemic control (GC) has
been shown to be effective against microvascular
complications [6] and recent observational studies [7, 8]
have demonstrated that increased HbAlc levels are
associated with a greater risk of cardiovascular events,
the precise role of the GC in reducing CVDs risk remains
to be detected [9].

In the treatment of T2DM patients, it is necessary
to personalize the choice of glucose-lowering therapy,
taking into account the individual characteristics of
the patient (especially indications of a high risk of
atherosclerotic CVDs (ASCVDs) or existing ASCVDs, a
chronic heart failure (CHF), chronic kidney diseases
(CKD), obesity, high-risk hypoglycemia) and a dominant
clinical problem®. Thus, in patients with T2DM and
existing cardiovascular diseases (CVDs), the preference
should be given to glucose-lowering drugs® with a proven
cardiovascular safety’ [1, 2, 4, 10].

® Ibid.
© Ibid.
7 Ibid.
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The key element regulating an insulin production in
the body is glucagon-like peptide-1 (GLP-1). Glucagon-
like peptide-1 receptor (GLP-1) agonists act similarly
to the incretin hormone GLP-1 and mediate their
effects through its receptors, which are expressed
in the pancreas, gastrointestinal tract, heart, lungs,
kidneys and brain. GLP-1 receptors in the pancreas
and brain have been shown to be responsible for the
corresponding improvements in GC and weight loss.
Functional effects in the pancreas include a glucose-
dependent insulin release as well as an up-regulation
of insulin biosynthesis and glucokinase and glucose
transporters. The impact on GLP-1 receptors also causes
a glucose-dependent decrease in the glucagon secretion,
which, in turn, reduces a hepatic glucose output. In the
pancreas, GLP-1 receptors are predominantly localized
to insulin-producing beta cells, with a markedly weaker
expression on the acinar cells of the exocrine pancreas.
Most of GLP-1 is produced in the gastrointestinal
tract. In the brain, GLP-1 is produced in neurons
and is likely a neuropeptide with physiologically and
pharmacologically significant effects on the food intake
and body weight, a potential neuromodulatory role, and
possible effects in a number of other neuropathological
conditions, including neurodegenerative diseases
(e.g., Alzheimer’s disease, Parkinson’s disease), brain
injuries and strokes, as well as depression, anxiety and
addiction [11].

The main advantage of a number of GLP-1 drugs,
including semaglutide, is the ability to reduce the risks
of cardiovascular events and improve renal outcomes in
T2DM patients [12].

The first drug of this kind from the arGLP-1 class
was exenatide, which had been approved for use by the
U.S. Food and Drug Administration (FDA). Since 2005,
it has been successfully used in clinical practice in the
USA, European countries, and since 2007 — in Russia.
Currently, six arGLP-1 drugs, each with a unique drug
delivery strategy, have been approved by the FDA, and
several more are being developed. Considering a rapid
elimination as the main problem for the clinical use of
arGLP-1, researchers have successfully developed and
implemented various strategies to increase the half-life
of these drugs, including a sequential modification and
an increase in the duration of their action [13].

However, in general, arGLP-1, including semaglutide,
is the ability to reduce overall mortality and the
risk of major cardiovascular events (Major Adverse
Cardiovascular Event, MACE), such as non-fatal heart
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attack, non-fatal stroke or death from CVD and improve
renal outcomes in patients with T2DM [14].

Semaglutide is one of the latest drugs from
the arGLP-1 group approved both in Russia® and in
many foreign countries. This drug, semaglutide, was
developed established on a large body of research based
on liraglutide [15].

The semaglutide molecule has a 94% homology
with human GLP-1 and 3 main structural modifications
compared to human GLP-1: 1) a substitution of an amino
acid at position C, (alanine to a-aminoisobutyric acid),
which prevents the peptide destruction by the dipeptidyl
peptidase-4 (DPP-4) enzyme; 2) acylation of lysine in the
main part of the peptide and the attachment of a C,
fatty acid at position C,, to ensure strong and specific
binding to albumin; 3) the substitution of an amino acid
at position C,, (lysine to arginine) — this prevents the
addition of a C .-dibasic fatty acid at the wrong site of
the semaglutide molecule [16].

In preclinical and pharmacokinetic studies in T2DM
adults, it was shown that, compared with liraglutide,
which is administered once a day, semaglutide has an
even longer half-life (from 7 days), which allows its
use once a week [16-19]. The effect of semaglutide
did not change in patients with an impaired renal or
hepatic function, with the exception of a terminal renal
and hepatic failure [20, 21]. Semaglutide is excreted
mainly in urine (approximately 3% unchanged) and also
in feces [22].

At the doses of 0.5 and 1.0 mg, semaglutide was
approved for use in type 2 diabetes in the USA in 2017°
and by the European Medicines Agency in 2018,

Semaglutide is registered in the Russian Federation
and is currently included in the clinical recommendations
of the Ministry of Health of the Russian Federation!!
for the treatment of T2DM patients, as well as in
the Algorithms for a specialized care for T2DM
patients [2]. According to these documents, semaglutide
is recommended for use in T2DM patients with an
indication of a high risk of ASCVDs, as well as with an
already established diagnosis of ASCVDs as priority

8 State register of medicines of the Russian Federation. Quincenta®.
Available from: https://grls.rosminzdrav.ru/Grls_View_
v2.aspx?routingGuid=bf3309b5-3cd1-491a-bef6-acldb65daadc

 US Food and Drug Administration. OZEMPIC (semaglutide) injection
prescribing information, 2017. Available from: https://www.
accessdata.fda.gov/drugsatfda_docs/label/2017/209637Ibl.pdf

1 Novo Nordisk Company Announcement. Ozempic® (semaglutide)
approved in the EU for the treatment of type 2 diabetes.
February 2, 2018. Available from: https://www.novonordisk.com/bin/
getPDF.2167679.pdf

1 Clinical guidelines Type 2 diabetes mellitus in adults, 2022.
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therapy, as well as in patients with CKD in stages 1-4 for
nephroprotection in the presence of contraindications
or intolerance to sodium-glucose cotransporter
inhibitors-2 (iNGLT-2) in the presence of a concomitant
diagnosis of obesity, which determines its relevance for
Russian patients. Herewith, semaglutide was presented
on the Russian pharmaceutical market only in the form
of a foreign drug, which is currently unavailable. In this
regard, it seems relevant to develop and localize the
production of a full cycle from the substance to the
finished dosage form and the subsequent study of the
bioequivalence of the domestic analogue of semaglutide
to ensure the country’s medicinal independence and
increase an access for our fellow citizens to a modern
high-quality drug.

According to the FDA guidelines?, alpha-amino
acid polymers, such as glucagon, semaglutide, etc.,
containing up to 40 amino acid residues, are considered
not protein molecules, but peptides. According to the
FDA, to confirm the equivalence of a synthetic peptide
and a biotechnologically derived semaglutide contained
in a precursor drug, it is sufficient to prove the structural
identity of the active pharmaceutical substance (APS)
using modern analytical methods.

The Promomed Rus LLC company has developed its
own technology for the production of APl using methods
of chemical synthesis and isolation of semaglutide into
a finished dosage form for the treatment of type 2
diabetes. The Quincenta® (solution for subcutaneous
administration, 0.25/0.5 mg/dose, 1 mg/dose) has
passed the entire cycle of necessary studies and
registered in the Russian Federation (LP-008828 dated
17 October 2023). The full production cycle from the
substance to the finished dosage form on the territory
of the Russian Federation allows, on the one hand, to
ensure maximum control over the quality of the product,
and on the other side to guarantee the uninterrupted
supply of the population with a vital drug.

To further assess the quality and safety of the
developed drugs, their registration in the Russian
Federation in accordance with Russian regulatory
requirements, in addition to physicochemical methods
of analysis and preclinical studies, it is necessary to
conduct a study of the pharmacokinetics, safety and

2U.S. Food and Drug Administration. ANDAs for Certain Highly Purified
Synthetic Peptide Drug Products That Refer to Listed Drugs of rDNA
Origin Guidance for Industry, 2021. Available from: https://www.fda.
gov/regulatory-information/search-fda-guidance-documents/andas-
certain-highly-purified-synthetic-peptide-drug-products-refer-listed-
drugs-rdna-origin
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immunogenicity of the drug Quicenta® (semaglutide
1.34 mg/ml, Promomed Rus LLC, Russia) in comparison
with the foreign predecessor drug Ozempic®
(semaglutide 1.34 mg/ml, Novo Nordisk A/S, Denmark).

THE AIM of the work was to conduct a comparative
assessment of the physicochemical properties, a
biological activity, bioequivalence and safety, including
tolerability and immunogenicity, of the drug Quincenta®
(semaglutide, 1.34 mg/ml, a solution for a subcutaneous
administration, Promomed Rus LLC, Russia) and the
drug Ozempic® (semaglutide, 1.34 mg/ml, a solution
for a subcutaneous administration, Novo Nordisk A/S,

Denmark) when administered to healthy volunteers.

MATERIALS AND METHODS

Physicochemical properties

and biological activity

In order to assess the degree of comparability
(similarity) of the test drug with the chemically
synthesized active substance Quicenta® (semaglutide
1.34 mg/ml, Promomed RUS LLC, Russia) to the original
(reference) drug Ozempic® (semaglutide 1.34 mg/ml,
Novo Nordisk A/S, Denmark), a comparative study of
their physicochemical properties and biological activity
was carried out. In order to form a representative
quality profile and obtain reliable data on comparability
in accordance with Decision No. 89 “On approval of the
Rules for conducting research on biological medicinal
products of the Eurasian Economic Union”, three series
(samples) of the original (reference) drug and three
series (samples) of its synthetic analogue (test drug)
were used in the research.

Spectrophotometry in the ultraviolet light

(200-400 nm)

The absorption spectra in the ultraviolet region
for domestic / test and foreign / reference drugs were
obtained using a Shimadzu UV-1800 spectrophotometer
(Shimadzu, Japan) in the spectral wave range of
190-1100 nm. To carry out the analysis, working
solutions of each of the drugs (3 series) were prepared
by diluting with water for the injection to a concentration
of semaglutide in a solution of 0.025 mg/ml.

Mass spectrophotometry (MALDI-TOF MS)

The confirmation of the semaglutide peptide
presence in the domestic drug under study was
carried out using a mass spectrophotometry. The mass
spectra were recorded on an Axima Confidence time-
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of-flight spectrometer (Shimadzu Biotech, Japan) in a
high-resolution reflectron mode with a nitrogen laser
(A=337 nm). M/z scanning was carried out in the range
from 500 to 5000 Da, using 2.5-dihydroxybenzoic acid
(DHB) and sinapic acid (SA) as the matrix.

To prepare the target, the drug was adjusted to the
concentration of 1 mg/ml with deionized water, then
20 pl of the resulting solution was mixed with 20 pl of
the matrix solution (10 mg/ml in 50% acetonitrile/0.1%
aqueous trifluoroacetic acid). The resulting mixtures
were stainless-steel and

applied to a target

dried in air.

Relative molar ratio of amino acids

The relative molecular ratio of amino acids in the
drugs was determined by HPLC. The analysis was carried
out on a high-pressure liquid chromatograph equipped
with an Agilent 1260 Infinity LC UV detector (Agilent
Technologies, USA), using a stainless steel AccQ Tag
Amino Acid Analysis Column (150%3.9 mm, 4 um) at the
wavelength of 254 nm.

Solutions of the drugs were hydrolyzed by adding a
6 M solution of hydrochloric acid containing 0.1% phenol
and 1% thioglycolic acid. The hydrolysis process was
carried out at the temperature of 110°C for 24 h. The
derivatization of hydrolysates of the test solutions and a
solution of standard amino acid samples was carried out
using a derivatizing reagent by heating the solutions to
55°C for 10 min.

Size exclusion-high-performance

liquid chromatography

The size exclusion chromatography method was
used to determine the quantitative content of high
molecular weight impurities in the preparations. The
analysis was carried out on a Tosoh TSK-gel G 2000
SWXL column (7.8x300 mm, 5 um) using an Agilent
1260 Infinity LC liquid chromatograph with UV detection
(Agilent Technologies, USA).

Reversed-phase high-performance

liquid chromatography

The
was used to determine the quantitative content of

reverse phase chromatography method
semaglutide and related impurities in the test and
reference drugs. The analysis was carried out using a
liquid chromatograph with UV detection Prominence
(Shimadzu, Japan), using a Jupiter 4u Proteo 90A column

(4.6x250 mm, 4 um; Phenomenex, USA).
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Comparative studies of drugs biological activity

in vitro

A comparative biological activity of the test and
reference drugs was assessed in vitro on the CHO-K1/
GLP-1R cell culture (GenScript, USA). This cell line
has GLP-1 receptors, to which the active substance,
semaglutide, binds. The cultivation of the cell line was
carried out using the RPMI culture medium (PanEco,
Russia) with the addition of a penicillin / streptomycin
solution (1%) and fetal bovine serum (10%), under
standard conditions (the temperature — 37£1°C, the CO,
content — 5+1%), for 2 days. The results were assessed
using the cAMP-GIoTM Assay kit (Promega, USA) in
accordance with the instructions.

Bioequivalence and comparability of safety,

tolerability profile and immunogenicity

An open randomized parallel comparative study
of the domestic drug Quincenta® (semaglutide
1.34 mg/ml, Promomed Rus LLC, Russia), produced on
the basis of synthetic semaglutide (hereinafter referred
to as the test drug), and the foreign drug Ozempic®
(semaglutide 1, 34 mg/ml, Novo Nordisk A/S, Denmark),
which contains a molecule obtained by biotechnological
means (hereinafter referred to as the reference drug),
was conducted. The test and reference drugs were

comparable in composition.

Study design
This
randomized, parallel bioequivalence study of a single

research was a single-center, open-label,
subcutaneous fasting dose of the test / reference drugs
in healthy volunteers.

A flowchart of the study design is presented in Fig. 1.

Objects of study and eligibility criteria
A total
female, aged 18 to 45 years (34.20+6.25 years) were
in the study. All
informed consent form and expressed their ability and

of 54 healthy volunteers, male and

included participants signed an
willingness to comply with all requirements of the Study
Protocol.

The main inclusion criteria were: a body weight >50 kg;
BMI 18.5-26 kg/m? inclusive; a verified diagnosis
“healthy” according to standard clinical, laboratory and
instrumental examination methods; negative results of
tests for the use of alcohol, psychotropic and narcotic
substances and willingness to stop drinking alcohol
during the participation in the study. The participants had
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been warned to use reliable methods of contraception
and to abstain from a sperm donation throughout the
study and for 2 months after the end of the study.

The main criteria for non-inclusion included were:
the presence of known allergies, drug intolerance,
chronic diseases of various organ systems; mental
illness; hypersensitivity to study drugs; history of
semaglutide or other analogues of human GLP-1
use (for less than 6 months before screening), taking
medications that have a pronounced effect on
hemodynamics and/or a liver function for less than
2 months before screening; taking other medications,
including herbal and homeopathic medications,
vitamins and/or dietary supplements (biologically active
supplements), for less than 4 weeks before screening;
inability to perform subcutaneous injections; any history
of difficulty with blood collection or any vasovagal
seizures during blood collection; history of surgical
interventions on the gastrointestinal tract (except
appendectomy). The participants were not considered
for inclusion in the study if they had the following
diseases and conditions either: a history of medullary
thyroid cancer, including a family history; a history
of type 2 multiple endocrine neoplasia; a severe
depression; suicidal thoughts or behavior, including a
history; acute infectious diseases or ARVI symptoms for
less than 4 weeks before screening.

The volunteers were excluded from the study if they
had refused to participate in the clinical trial, if they
were taking drugs for prohibited therapy and if they had
been tested positive for the use of alcohol, psychotropic
and/or narcotic substances, if there were gross
violations of the requirements and procedures of the
Study Protocol, if adverse events occurred, as well as
if during the study, the volunteer had any diseases or
conditions that made his further participation in the
study impossible. The study physician may have decided
to exclude a volunteer in the best interests of the
volunteer.

Concomitant medications and exclusion criteria
were assessed throughout the volunteer’s participation
in the study. The total duration of the study for each
volunteer was no more than 35 days (including the
screening period).

Randomization procedure

Each volunteer who had met all the inclusion criteria
and had not met any of the non-inclusion criteria was
assigned a randomization number in accordance with
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the randomization plan prepared for this study in
the WinPepi 11.65 program (ETCETERA 3.26 module)
using the random number generation method. The
randomization number of the volunteer was entered by
the research physician into the Register of Clinical Study
Participants in Screening/Randomization. If a volunteer
had left the study prematurely, their randomization
number was not reused and the volunteer could not
subsequently return to the study.

Study conditions and duration

The study was conducted from July 10 to October 2,
2023, at the research center of the Yaroslavl Region
Clinical Hospital No. 3 (Yaroslavl, Russia).

Description of manipulations and methodology

Administration of drugs

Thevolunteerswhohad mettheinclusion criteriaand
those who had not met the non-inclusion criteria were
randomized into 2 groups in a 1:1 ratio. Group | (n=27)
received Russian semaglutide (studied drug), group I
(n=27) received reference drug. The reference / test
drug was administered by the medical personnel in the
morning on an empty stomach at a single subcutaneous
dose of 0.5 mg in the abdomen.

The choice of doses for this study was based on
the information provided in the current instructions
for medical use of the reference drug and the articles
devoted to the study of semaglutide preparations. In
contrast to the starting dose of 0.25 mg, the dose of 0.5 mg
was minimally therapeutic. The selection of this dose
was based on the safety of use in healthy volunteers,
since when using semaglutide in a dose of more than
0.5 mg, there was a risk of developing side effects
from the gastrointestinal tract. In addition, there was
experience with the use of semaglutide at a dose of
0.5 mg in healthy volunteers, which showed its good
tolerability®® [23—26]. The mode of administration was
consistent with the method of use of the reference
drug®* and the planned method of use of the test drug in
clinical practice®.

To administer the test/reference drugs, the
admitted to the hospital the

volunteers were

3 NCT02060266 Trial Investigating the Absorption, Metabolism and
Excretion After a Single Subcutaneous Dose of [3H]-Semaglutide in
Healthy Male Subjects. Available from: https://clinicaltrials.gov/study/
NCT02060266

1 State register of medicines of the Russian Federation.
Ozempic®. Available from: https://grls.rosminzdrav.ru/Grls_View_
v2.aspx?routingGuid=9859f6af-8ad6-4704-9d20-1bcc87b7dafc

> |bid.
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evening before and at least 10 hours before the drug
administration. During the period of their stay in the
hospital, the volunteers complied with the rules of
their stay. The duration of hospitalization was no more
than 3 days. Throughout the study, from the start of
the screening examination until the completion of
the final examination, the volunteers abstained from
eating for at least 10 h before the administration of the
test / reference drug.

Preparation and sampling

After randomization and before the baseline blood
samples had been collected to assess pharmacokinetic
and immunogenicity parameters, the volunteers were
placed with a heparinized cubital catheter, which was
removed after blood sampling at 12 h (day 1). After
the catheter removal, the blood was collected from
volunteers by venipuncture.

The blood samples were taken to determine
pharmacokinetic parameters at the following time
points: 1, 0.5, 0 h (day 1) before the administration
of the test/reference drug and then after 2, 8, 12
(day 1), 24 (day 2), 36 (day 2), 48 (day 3), 72 (day 4),
96 (day 5), 144 (day 7), 192 (day 9), 240 (day 11), 360
(day 16) and 480 h (day 21) after the administration of
the test / reference drug.

The blood
immunogenicity no more than 15 min before the
administration of the test / reference drug (the initial (0)

samples were taken to study

sample) and 480 h (day 21) after their administration.
The blood samples for the immunogenicity parameters
analysis were collected separately from the blood
samples for the evaluation of pharmacokinetic
parameters.

Therefore, the study collected 16 blood samples
per volunteer (6 ml each) for pharmacokinetic studies
and 2 blood samples per volunteer (6 ml each) for
immunogenicity studies.

At screening, at the stage of hospitalization
(morning before randomization), upon discharge from
the hospital and on Days 11 and 21 of the study, the
blood samples were taken for clinical, biochemical tests
and/or determination of blood glucose levels using a
glucometer, the total volume of which in each specified
per day was no more than 15 ml.

The blood samples were collected in test tubes to
obtain serum with a coagulation activator. After the clot
formation, the tubes were centrifuged, the resulting
serum was carefully transferred into pre-labeled

cryovials, dividing the serum into three 500 pl aliquots:
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two for the main analysis (aliquots A and B), the third
for repeat analyzes (aliquot C). The serum samples
were frozen immediately after the receipt, transferred
into cryovials and stored at the temperature not
exceeding —=70°C.

Analytical method

Pharmacokinetics was assessed by the concentration
of semaglutide in the blood plasma, and antibodies
to it — in the blood serum of each volunteer after a
subcutaneous administration of the test/ reference
drug. In order to comprehensively characterize the
pharmacokinetic properties of the test/ reference
drug, the study included blood sampling to cover
the entire pharmacokinetic profile, including the
elimination phase. The quantitative determination
of semaglutide in the serum samples by ELISA was
HiPo
MPP-96 (Biosan, Latvia). Semaglutide concentrations

carried out using a microplate photometer,

were calculated using GraphPad Prism 8.4.3 software.
The determination of semaglutide in the serum samples
was carried out using a previously validated enzyme-
linked immunosorbent assay (ELISA) method using
“KRIBIOLISA™
(Ozempic™) ELISA kits”; antibodies to semaglutide
using the KRIBIOLISATM Anti-Liraglutide ELISA kit. The
analytical range was 50-4000 pg/ml. The preparation

commercially available Semaglutide

of calibration samples from the kit was carried out by
diluting the standard sample. The analytical range
instructions

was selected in accordance with the

for the kit.

Safety and tolerability assessment

The conclusion about the bioequivalence of the
compared drugs was made using an approach based on
the assessment of 90% confidence intervals (Cl) for the
ratios of the geometric mean values of the parameters
Crae AUC,
measurement. The drugs were considered bioequivalent
if the boundaries of the estimated Cl for C__, AUC, of
semaglutide were within the range of 80.00-125.00%.

In the course of the study, a clinical observation

of semaglutide in the original units of

of volunteers was carried out with the assessment of
physical examination data, including a survey about the
volunteers’ complaints, basic vital signs (blood pressure,
heart rate, respiratory rate, body temperature), 12-lead
ECG, laboratory parameters of clinical, biochemical
blood tests, a general urine analysis, determining
glucose levels using a glucometer.
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The safety and tolerability criteria included the
frequency and severity of adverse events (AEs) as
measured by abnormal laboratory tests, physical
examination, vital signs, and ECG; the number of cases
of early termination of participation in the study due to
the development of AEs and/or serious adverse events
(SAEs), including those related to the test/ reference
drug; the frequency of volunteers with detected
antibodies to semaglutide; the assessment of the overall
tolerability of the test / reference drug on a Likert scale.
The safety and tolerability of liraglutide were assessed
for all the volunteers. The identification of AEs occurred
from the moment of administration of the study drugs
until the end of the volunteers’ participation in the study.

The

follows: a maximum concentration of the substance

pharmacokinetic parameters®® were as

in the blood serum (C_); the time to reach C__ (T

max);
area under the concentration-time curve from the
moment of drug administration to the last detectable

concentration at time point t (AUC,_  ); the area under

(0~
the pharmacokinetic curve from the zero time to infinity
(AUC,,_,,

time curve from the moment of the drug administration

); the ratio of the area under the concentration-

to the last detectable concentration at the time point to
the area under the pharmacokinetic curve, starting from
0 / AUC(O_w)); the
terminal elimination rate constant (K_); half-life (Tl/z); the
volume of distribution (Vd); the residual (extrapolated)

the zero time value to infinity (AUC

area under the curve, determined by the formula:
V=AUC, _,—AUC / AUC_ _ (AUC

) (0-t) (0-e2) (t—w))‘

Ethical approval

The study complied with the ethical principles set
forth in the most recent revision of the Declaration
of Helsinki, the rules of Good Clinical Practice of the
Eurasian Economic Union, the Rules of Good Clinical
Practice of the International Council for Harmonization
(ICH E6 GCP R2), as well as other legislation applicable
to this study. The clinical trial protocol was approved by
the Ministry of Health of Russia (Extract from Protocol
No. 347 dated July 5, 2023) and the Ethics Council of
the Ministry of Health of Russia (Extract from Protocol
No. 337 of the meeting dated June 27, 2023), as well as
the Local Independent Ethics Committee at the research
center of the state budgetary healthcare institution
Yaroslavl region “Clinical Hospital No. 3” (Extract from
Protocol No. 186 dated July 7, 2023).

% If necessary, additional pharmacokinetic calculations could be
performed.
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Statistical analysis
To calculate the number of participants, the data on
the coefficients of intra-individual variability (CV,_ ) of

the parameters C__, AUC_, of semaglutide, presented in

max’
the Assessment Report Ozempic'’, were used. According
to the results of the study, after a single subcutaneous

administration to the healthy volunteers, CV.

inter
semaglutide for the main pharmacokinetic parameters
C,.., and AUC did not exceed 24%*. The calculation of
the required number was carried out using the PASS
11.4.12 program.

For the standard two-parallel group design
conditiosn, assuming a 90% Cl of 80.00-125.00%,
CV, ...=24%, a=0.05, the power of 80%, the group ratio
of 0.95, it was necessary to include at least 50 healthy
volunteers who would have completed the study and
would be included in the statistical analysis. Taking
into account the possible dropout during the study, the
randomization of 54 healthy volunteers (27 volunteers in
each study group) was planned.

For pharmacokinetic calculations, the actual
time of blood sampling was used. The calculation of
pharmacokinetic parameters, statistical analysis of
safety indicators and presentation of results were
carried out using statistical packages (StatSoft Statistica

version 13.3 and the R Project program (version 3.5.1,

GPL-2/GPL-3 license) with the bear extension,
version 2.8.3-2. No interim analysis  was
performed.

For all pharmacokinetic parameters, the following
statistical parameters were calculated: arithmetic mean,
geometric mean, standard deviation of the mean,
coefficient of variation, median, minimum and maximum
values, and variability.

A statistical analysis was carried out based on the
assumption of a log-normal distribution of AUC
AUC C

(0—c2)” max

(0-t)
distribution of other

pharmacokinetic parameters, with the exception of T

and a normal
max”
After the log transformation, these scores were analyzed
using the analysis of variance (ANOVA). The statistical
analysis of the study was carried out at a standard
significance level of a=0.05.

7 Assessment report Ozempic EMA/21773/2022. 11 November 2021.
Committee for Medicinal Products for Human Use (CHMP). Available
from: https://www.ema.europa.eu/en/documents/variation-report/
ozempic-h-c-004174-x-0021-epar-assessment-report-variation_en.pdf
8 Assessment report Ozempic, semaglutide, Procedure No. EMEA/
H/C/004174/0000, 14 December 2017, Committee for Medicinal
Products for Human Use (CHMP). Available from: https://www.ema.
europa.eu/en/documents/assessment-report/ozempic-epar-public-
assessment-report_en.pdf
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For the randomized parallel groups comparative
the ANOVA statistical included the
following factor contributing to the observed variation

study, model
in the data: a drug. The analysis of variance was used
to test a hypothesis about the statistical significance of
the contribution of the specified factor to the observed
variability.

The conclusion about the bioequivalence of the
compared drugs was made using an approach based
on the assessment of 90% confidence intervals for the
ratios of the geometric mean values of the semaglutide
units of

parameters C_, AUC in the original

(0-t)
measurement.

The descriptive statistics is presented for all safety
and tolerability indicators collected during the study. To
analyze frequencies, the proportions were compared
using a two-sided version of the Fisher’s exact test or the
x> test. To compare quantitative continuous indicators,
the Student’s t-test (in the case of a normal distribution)
or the Mann-Whitney U-test (in the case of a non-
normal distribution) were used. The differences were

considered statistically significant at p <0.05.

RESULTS
Physicochemical properties and biological activity.

Spectrophotometry in the ultraviolet area

(200-400 nm)

Theresults of the spectrophotometric determination
of the test / reference drugs are presented in Table 1
and Fig. 1.

Based on the data obtained, it can be concluded
that the absorption spectra of the foreign reference
drug Ozempic® and the domestic test drug Quincenta®
corresponded to each other in terms of the positions
of absorption maxima and minima in the region of
200-400 nm, which, in turn, indicates the identity of the
studied drugs.

Mass spectrophotometry (MALDI-TOF MS)

The results of the MALDI-TOF MS analysis confirm
the presence of kDa'®, in the study domestic peptide
drug with a mass of 4.1, corresponding to the mass of
the reference drug semaglutide (Fig. 3).

Relative molar ratio of amino acids

In the course of the study, comparable molar ratios
of amino acids were obtained in the samples of the
study drugs Ozempic® and Quincenta® (Table 2).

9 Assessment report Ozempic EMA/21773/2022, 2021.
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Size exclusion-high-performance liquid

chromatography

The results obtained in the study demonstrated the
comparable retention time of high molecular weight
protein impurities. Moreover, at the time of the analysis,
the domestic drug of semaglutide contained on average
1.6 times less high-molecular impurities than the foreign
drug.

Typical chromatograms obtained when determining
the content of high-molecular impurities in the test
and reference preparations are presented in Fig. 4
and 5. The content analysis results of the of high-
molecular impurities are presented in Fig. 6.

Reversed-phase high-performance

liquid chromatography

The results of determining the quantitative content
of semaglutide and related impurities in the test and the
reference drugs are presented in Table 3.

The data obtained demonstrate that the quantitative
content of related impurities and the active substance
semaglutide in the samples of the studied drugs are
comparable. It should be also noted that at the time of
the analysis, the content of impurities in the domestic
drug was 2.5 times lower compared to the foreign drug.
At the same time, the foreign drug contained on average
5.6 times more hydrophilic impurities, and almost twice
as many hydrophobic impurities in comparison with the
domestic drug.

Comparative studies of biological activity

The obtained data from a comparative analysis of
the biological activity of the test and reference drugs
in vitro are presented in Table 4.

The results demonstrate the presence of a
comparable biological activity of the study domestic
drug with a chemically synthesized active substance, to
a foreign drug: the range of activity of the studied drugs
was in the range of 80-120% in relation to the standard
sample of semaglutide.

Bioequivalence and comparability of safety
and tolerability profile

Population

All volunteers were included in the population
to assess safety, tolerability and immunogenicity, for
the pharmacokinetic analysis and bioequivalence
assessment. The average age of the volunteers in
the population was 34.20+6.25 years, the average
body weight was 70.41+9.42 kg, the average height
was 172.61+7.38 cm, the average BMI was 23.51+1.
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39kg/m?2. The demographic and baseline anthropometric
characteristics of the volunteers did not differ between
the groups (Tables 5 and 6).

Pharmacokinetics and bioequivalence

After the use of the Russian and reference drugs,
their average values of the main and additional
pharmacokinetic parameters are presented in Table 7.

As follows from the presented data, the average
values of both main and additional pharmacokinetic
parameters obtained after the use of the test and
reference drugs were comparable to each other. It can
be concluded that the pharmacokinetic profiles of the
test and reference drugs are similar.

The results of assessing the ratio of geometric
mean pharmacokinetic parameters AUC,, C__ of
the studied semaglutide drugs and 90% Cls for these
ratios demonstrate the equivalence of the main
pharmacokinetic parameters (AUC_, C_ ) (Table 8).
According to the results of the statistical analysis, the
obtained 90% Cl for the ratio of C..v AUCO_tvalues of the
studied Russian and foreign drugs were 90.89-109.15
and 91.66-111.27%, respectively. The coefficients of the
intra-individual variation, calculated on the basis of the
analysis of variance, were 20.29% for the C__ value and
21.50% for the AUC_, value.

Thus, the intervals obtained during the study were
fully consistent with the equivalence limit of 80.00—
125.00% for C__ and AUC,,, clearly demonstrating the
bioequivalence of the study drug.

Safety

All the volunteers completed the study entirely in
accordance with the approved study protocol. During
the study, no AEs were recorded. In 100% (54) cases,
the volunteers’ tolerability was rated as “good.” No SAEs
were identified in the volunteers during the study or after
its completion. No deaths were observed. There were
no cases of pregnancy of the sexual partner of a study
participant during the study or after its completion. No
abnormalities were found in the results of clinical and
biochemical blood tests, in the determination of blood
glucose levels, general urinalysis, vital signs, physical
examination and ECG.

Immunogenicity assessment

According to the results of the immunogenicity
parameters analysis, no antibodies to semaglutide were
detected in the blood serum of the volunteers, which
indicated the absence of the drug’s immunogenicity. No
unexpected results were notified during the study.

Tom 11, Beinyck 4, 2023

Thus, the study drug semaglutide and the reference
drug had a similar safety profile. At the same time, no
cases of immunogenicity were observed for the Russian
drug, which confirms a high safety profile and reduced
the risk of ineffective therapy.

DISCUSSION

The efficacy and safety of semaglutide compared
with placebo or active reference drugs (sitagliptin,
exenatide, insulin glargine, dulaglutide, liraglutide) in
adult patients with T2DM were consistently studied in
a series of phase Il clinical trials combined by a large
SUSTAIN research program, which included a total of
more than 10 thousand patients [27-33]. Semaglutide
therapy was significantly better than placebo and
comparator and reduced HbAlc by 1.2-1.5% when
using a dose of 0.5 mg and by 1.5-1.8% when using a
dose of 1.0 mg, compared with baseline values, and
resulted in achieving target values of HbAlc <7.0% in
78.7% of patients, and HbAlc <6.5% in 66.7% of patients
[27-32]. It is worth noting that 74.3% of the subjects
receiving semaglutide achieved the composite endpoint
of HbAlc <7.0% without severe or symptomatic
hypoglycemia or weight gain. In contrast, 65.7% of
patients receiving semaglutide achieved weight loss
of 5% or more, and 26.7% — 10% or more, which was
significantly better compared to the placebo group and
the comparison group [27, 31, 32].

A retrospective observational study also showed
that at a dose of 0.5-1.0 mg after 32 weeks of treatment,
semaglutide reduced HbAlc by an average of 1.38%,
weight by 6.03 kg, and significantly improved BP and
lipid levels, reduced the number of glucose-lowering
and lipid-lowering drugs taken, leading to better a
patient satisfaction with the results of diabetes control
and eating behavior [34].

Additionally,
lixisenatide,

with
and

semaglutide, compared
albiglutide,

dulaglutide, demonstrated the highest rates of BG

exenatide, liraglutide,
improvement and weight loss [35]. A similar benefit
was also shown in two meta-analyses comparing
the results of semaglutide studies with the study
results of sodium-glucose cotransporter-2 inhibitors
(SGLT-2) empagliflozin, canagliflozin and dapagliflozin in
people with inadequate control of type 2 diabetes with
one or two oral antidiabetic agents [36] or metformin
monotherapy [37] found out that semaglutide was
superior to iSGLT in reducing HbAlc levels and weight
loss.
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Figure 3 — MALDI-TOF MS mass spectra obtained from study of three series of test drug Quincenta®
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Table 1 — Spectrophotometric analysis results of test / reference drugs in UV area

No Object of analysis Series Ao A

1 1 269.6 239.4
2 Reference drug 2 269.7 239.2
3 3 269.4 239.5
4 1 269.6 239.7
5 Test drug 2 269.3 239.2
6 3 269.1 239.6

Table 2 — Results of determining relative molar ratio of amino acids in samples of test and reference drugs

Relative molar ratio of amino acids

Amino acid name Ozempic® Quincenta®
Series No. 1 Series No. 2 Series No. 3 Series No. 1 Series No. 2 Series No. 3

Asp 1.1 0.9 1.2 0.9 1.0 1.1
Glu 5.0 5.3 5.4 5.2 5.0 4.9
His 1.1 0.9 1.2 1.0 1.1 0.9
Thr 1,9 2.0 2.3 2.2 1.8 2.1
Aeea 1,9 1.7 1,9 2.0 1.8 19
Tyr 1.0 0.9 1.1 1.1 0.8 1
Lys 1.0 1.1 1.0 1.2 0.9 1.1
Leu 2.1 1.8 2.1 1.9 2.2 2.2
Ser 2.7 2.5 2.9 3.1 2.8 2.6
Gly 4.1 4.4 3.9 4.0 4.2 3.8
Arg 2.0 1.7 2.2 1.8 2.1 19
Ala 3.0 2.7 2.9 2.8 2.9 3.3
Aib 1.0 0.8 1.0 0.9 1.1 1.1
Val 2.0 2.3 1.8 1.9 2.1 2
lle 1.0 1.2 0.9 0.9 1.0 1.2
Phe 2.0 1.7 2.1 2.2 19 2
Trp 1.0 1.0 0.7 1.0 0.8 1.1

Table 3 — Results of quantitative determination of related impurities using reverse-phase high-performance
liquid chromatography in the test and reference drugs

Index Ozempic® Quincenta®

Series 1 2 3 1 2 3
Quantitative determination of semaglutide, mg/ml 1.35 1.34 1.33 1.37 1.39 1.35
Amount of impurities, % 2.683 2.312 2.751 0.944 1.124 1.036
Hydrophilic impurities, % 0.821 0.933 1.06 0.135 0.215 0.148
Hydrophobic impurities 1, % 1.737 1.308 1.62 0.716 0.834 0.825
Hydrophobic impurities 2, % 0.125 0.071 0.049 0.093 0.075 0.063

Table 4 — Comparative study results of biological activity of domestic and foreign drugs

Drug Series No  EC,; Activity % of RS

1 1.379 93.62
Ozempic® 2 1.725 117.11

3 1.232 83.64

1 1.317 89.41
Quincenta® 2 1,731 117.52

3 1.559 105.84
Semaglutide RS — 1473 -

Note: RS — reference standard.
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Table 5 — Descriptive characteristics of volunteers’ demographic and anthropometric data

Quincenta® Ozempic®

Index n p Cl Cl Cl o
Mean value —05.000% 95.000% Mean —05.000% Cl 95.000%
Age, completed years 27 0.085940 35.6667 33.1337 38.1997 32.7404 30.4273 35.0541
Body weight, kg 27 0.119176 72.2222 68.3608 76.0837 68.6037 65.0962 72.1112
Height, cm 27 0.310119 173.7407 170.8119 176.6695 171.4815 168.5841 174.3788
BMI, kg*/m 27 0.161126 23.7952 23.2588 24.3316 23.2274 22.6794 23.7754
Note: CI — confidence interval; BMI —body mass index.
Table 6 — Analysis of gender distribution
Gender Groups comparison Quincenta® Ozempic®
Pearson X test Frequency Percentage Frequency Percentage
Male 0.5859 14 51.85185 12 44.44444
Female 0.5859 13 48.14815 15 55.55556
Table 7 — Value of calculated confidence intervals for calculated pharmacokinetic parameters
. 90% Cl ,
Parameter Average ratio - Valid range, %
Low level High level
AUC,, 1.00 91.66 111.27 80-125
C... 0.99 90.89 109.15 80-125
Another important advantage of semaglutide clinical trial program. Thus, in the STEP 1,3,4, and

is a low risk of hypoglycemia, but the risk increases
when it is combined with
insulin [38].

But perhaps the most valuable feature came
from the SUSTAIN 6 trial, which demonstrated that
subcutaneous semaglutide, compared with placebo, was

sulfonylureas and/or

associated with a significant reduction in the incidence
of CVD-related deaths, nonfatal myocardial infarctions,
or nonfatal cerebrovascular accidents (p <0.001)
(combined RR=0.74; 95% Cl 0.58 to 0.95) and also with
fewer cases of nephropathy [39]. A focused study (FLOW;
NCT03819153) is currently investigating the effect of
subcutaneous semaglutide on renal outcomes in people
with T2DM and CKD.

A retrospective analysis also showed [40] that when
taking semaglutide, there was a reduction in the relative
and absoluterisk of serious adverse cardiovascular events
compared with comparators. Although the absolute risk
reduction was small, there was a trend (p=0.06) for the
greatest relative risk reduction in those with the lowest
cardiovascular risk. This phenomenon may be explained
by the fact that more advanced stages of diabetes may
be more resistant to the beneficial effects of arGLP-1 on
CVD outcomes.

Another pool of studies examined the effectiveness
and safety of semaglutide in weight loss in overweight
and obese patients without diabetes during the STEP

340

8 studies, semaglutide at a dose of 2.4 mg once a
week led to an average weight loss of 14.9-17.4%
from baseline by week 68, with 69-79% of participants
achieved >10% weight loss, and 51-64% achieved >15%
weight loss [41-44]. In the STEP 5 study, the mean weight
loss with semaglutide 2.4 mg at week 104 was 15.2%
of baseline compared with 2.6% with placebo [45]. An
improvement in the main cardiometabolic risk factors
was also found: a decrease in waist circumference, a
decrease in blood pressure, normalization of lipid levels
and C-reactive protein, as well as an improvement in
physical functions and quality of life with a good safety
profile of semaglutide [41-43, 45, 46].

Bandyopadhyay S. et al. [47] conducted a systematic
review and meta-analysis to evaluate the effectiveness
and safety of semaglutide therapy in patients with
non-alcoholic fatty liver disease and non-alcoholic
steatohepatitis and found a significant decrease in the
levels of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), a significant decrease in liver
lipid content, improvement in its elasticity, HbAlc and
lipid profile indicators.

The identification of structurally related peptide
impurities and their characterizationis a critical challenge
in the pharmaceutical development. These impurities
may result from during the production degradation
or storage and may affect the efficacy and safety of
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the finished product [48]. Semaglutide impurities can
include peptides of imperfect structure, resulting from
the insertion of an undesired amino acid or deletion (the
absence of one or more amino acid residues), oxidation
or racemization of amino acids [49].

There are methods for obtaining semaglutide by
solid-phase synthesis that can reduce the formation
of racemic impurities, simplify the purification of the
target product, its purity and yield, and also reduce
costs [50, 51].

The biological activity of peptide molecules directly
correlates with their atomic size arrangement, while a
configuration inversion at a particular peptide chiral
center can cause a local spatial redistribution of critical
functional groups [52]. That is why, when developing
a method for producing semaglutide by chemical
synthesis, a special attention is paid to controlling the
racemization of amino acids.

During the analysis of literature data, it was
revealed that in the foreign drug Ozempic® (Novo
Nordisk  A/S,
of biotechnological origin, the formation of three

Denmark), containing semaglutide
isomers containing in its structure amino acids in the
D-conformation D-His1, D-Ser8, D-Asp9, is possible. As
it is known, the isomerization of even one amino acid
in a certain peptide chain can have a significant impact
on the overall conformation of the peptide molecule
and affect its biological activity [53, 54]. Based on this
fact, when developing technologies for obtaining the
substance semaglutide, the main task for the specialists
of Promomed Rus LLC was to minimize the amount of
potential impurities.

At the study time of domestic and foreign drugs,
it was found that Quincenta® (Promomed Rus LLC,
Russia), which contains semaglutide of a synthetic
origin, contains 2.5 times less impurities compared to
the foreign drug.

Based on the results obtained in the course of
comparative studies, it can be concluded that today it
has been possible to achieve not only the production of
a substance of the appropriate pharmacopoeial quality,
but also to minimize the formation of by-products,
thereby reducing the total amount of impurities in
the finished medicinal product. It is important to note
that peptide preparations obtained by microbiological
synthesis consist of amino acids in the L-conformation,
which corresponds to the life processes of natural
microorganisms, while in the process of chemical
synthesis D-isomers can be formed, which, as stated
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above, can critically change the drug quality and lead
to unexpected pharmacological effects. Thus, control
of spontaneous isomerization processes and obtaining
a product of the required stereochemical purity are
critical to the proper quality of the drug. In this regard,
it is worth noting that at the moment, the Russian
drug Quincenta® is the only domestic drug based on
semaglutide, which uses its own technology for the
production and purification of API, which ensures a high
level of quality control of the resulting substance, the
exclusion of undesirable impurities and isomerization
and, consequently, contributes to achieving high
efficiency and safety of the therapy.

Injection therapy for diabetes is the most effective
treatment method. However, it is known that, despite its
effectiveness, this method of therapy is characterized by
alowlevel ofadherence, and one of the ways to overcome
this problem is the use of simple and convenient syringe
pens [55]. That is why, for Russian drugs based on
arGLP-1, in particular, the drug Quicenta®, a partner
of the Promomed Group of Companies, the Medsintez
Plant LLC, developed a special syringe pen that ensures
a dosing accuracy, the administration ease of the
drug, and also the consumption of the drug without
unnecessary losses at the stage of selecting an individual
dose during a long-term use. This multi-dose syringe pen
has a unique advantage, as it allows a patient to fully use
the active substance without leaving any residue from
the cartridge.

According to the instructions for use of the drug,
if after the injection the dose selector stops before the
zero mark aligns with the pointer, it means that the
patient, due to the characteristics of titration, did not
receive the required dose of the drug. In this situation,
the dose selector indicates the number of units that
must be administered before the full dose of the drug is
delivered from the new multi-dose pen. A similar design
is not provided for in any current arGLP-1 dosage form
registered on the domestic market. It is also worth noting
that the above syringe pen is compatible with needles
from any manufacturer, which is important from the
point of view of a possible reduction in the availability of
foreign-made needles. Thus, we can say that the design
of the developed syringe pen for Russian drugs based on
arGLP-1 from Promomed Rus LLC, in particular, the drug
Quincenta®, not only helpstoincrease patientadherence
to treatment, but also provides pharmacoeconomic
advantages therapy, excluding an irrational disposal of
unused medicine.
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CONCLUSION

As a result of the studies, a sufficient amount of
data was collected confirming the similarity of the
physicochemical and biological properties of the drug with
the chemically synthesized active substance semaglutide
Quincenta® (a solution for a subcutaneous administration
1.34 mg/ml, Promomed Rus LLC, Russia) with the
reference drug Ozempic® (a solution for a subcutaneous
administration 1.34 mg/ml, Novo Nordisk A/S, Denmark).
Based on this, it can be concluded that the quality, safety
and effectiveness of the Russian drug with a synthetic
analogue of the active substance are similar, and in some
respects even exceed the reference drug.

Reducing the socioeconomic burden of diabetes
and obesity is one of the most important tasks of the
Russian healthcare system. Semaglutide may be the
drug of choice for patients with diabetes and obesity,
in particular, in combination with CVD, due to its
high effectiveness in controlling glycemic levels and
weight loss, restoring metabolic health parameters,
and a proven protective effect in reducing the risks of
cardiovascular events. The entry of Russian drugs —

arGLP-1 into the market is a major step towards
providing patients with the necessary therapy, especially
in the face of a shortage of foreign predecessors. An
open-label, randomized cross-over comparative study of
bioequivalence, safety, tolerability and immunogenicity
in healthy volunteers confirmed the equivalence of
the test drug Quincenta® and the reference drug
Ozempic®, and also demonstrated its high safety profile,
tolerability and lack of immunogenicity. Based on the
data obtained, the drug Quincenta® was registered in
the Russian Federation.

The use of our own technology of chemical
synthesis and purification of the resulting substance
in the production of the drug determines the required
stereochemical purity of the product, a reduction in the
level of impurities, predictable properties and a low risk
of adverse immune reactions. It is advisable to conduct
further clinical studies to assess the effectiveness and
safety of therapy for patients with diabetes mellitus and
obesity or overweight, as well as to identify potential
new possibilities for arGLP-1 therapy, including the
Russian analogue of semaglutide.
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