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The aim. To conduct a comparative evaluation of the physicochemical properties, biological activity, bioequivalence, and
safety, including tolerability and immunogenicity, of the drug Semaltara® (semaglutide, tablets 3 and 14 mg (Biochemik,
Russia) and the drug Rebelas® (semaglutide, tablets in dosages of 3 and 14 mg (Novo Nordisk A/S, Denmark) when
administered to healthy volunteers.

Materials and Methods. To assess the bioequivalence of the investigational drug Semaltara® (semaglutide, tablets
3 and 14 mg (Biochemik, Russia) with a chemically synthesized active substance to the original (reference) drug Rebelas®
(semaglutide, tablets in dosages of 3 and 14 mg (Novo Nordisk A/S, Denmark), an open-label randomized crossover
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comparative study (n = 110) was conducted. Patients were randomized into 4 groups: Group 1 (n = 25) — patients received
the investigational drug Semaltara® and the comparator drug Rebelas® daily once a day at a dose of 3 mg (1 tablet) for
28 days; Group 2 (n = 25) — the comparator drug Rebelas® and the investigational drug Semaltara® daily once a day at
a dose of 3 mg (1 tablet) for 28 days; Group 3 (n = 30) — the investigational drug Semaltara® and the comparator drug
Rebelas® daily once a day at a dose of 14 mg (1 tablet) for 28 days; Group 4 (n = 30) — the comparator drug Rebelas®
and the investigational drug Semaltara® daily once a day at a dose of 14 mg (1 tablet) for 28 days. The concentration of
semaglutide was determined in serum samples using a pre-validated enzyme-linked immunosorbent assay (ELISA) method.
The conclusion on bioequivalence of the compared drugs was made based on the assessment of 90 % confidence intervals
for the ratios of geometric mean values of C__ and AUC,, , parameters of semaglutide in the original units of measurement.
Results. The results of the clinical study demonstrated the bioequivalence of the investigational drug and the comparator
drug. The pharmacokinetic parameters of the drugs were comparable: Based on statistical analysis, the obtained 90 %
confidence intervals for the ratio of C__ ~and AUC, .., values of semaglutide 3 mg were 96.57-120.94 % and 94.37-
120.06 %, respectively. For the 14 mg dosage, the 90 % confidence intervals for the ratio of Chross and AUC(O_r)SS values of
semaglutide were 91.79-109.68 % and 91.47-112.80 %, respectively. The tolerability of the drugs in volunteers was noted
as good. No serious adverse events were registered during the entire study. Thus, the investigational drug Semaltara®,
tablets, and the comparator drug Rebelas®, tablets, have a similar safety profile, including tolerability, at both the 3 mg and
14 mg dosages.

Conclusion. The conducted study demonstrated the bioequivalence and similar safety profile, as well as tolerability of the

X,

Russian drug Semaltara® (semaglutide 3 and 14 mg, tablets, Promomed LLC, Russia) in comparison with the foreign drug
Rebelas® (semaglutide, tablets in dosages of 3 and 14 mg (Novo Nordisk A/S, Denmark).

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

List of Abbreviations: T2DM — type 2 diabetes mellitus; HbAlc — glycated hemoglobin; GLP-1 — glucagon-like peptide-1;
BMI — body mass index; BP — blood pressure; SBP — systolic blood pressure; DBP — diastolic blood pressure; HR — heart
rate; ECG — electrocardiography; AE — adverse event; SAE — serious adverse event; Cl — confidence interval.
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Liensb. MpoBectu cpaBHUTENBHYIO OLEHKY GU3UKO-XMMUYECKUX CBOMCTB, BMONOrMYECKOM aKTUBHOCTU, BUOIKBUBAZIEHTHOCTH
1 6e30MacHOCTK, BK/IOYAA NEPEHOCMMOCTb M MMMYHOTEHHOCTb, JIeKapCTBEHHOro npenapata Cemanbrapa (cemarnytug,
Tabnetkn 3 n 14 mr (AO «Bbrnoxumuk», Poccua) n npenapata Pebencac® (cemarnytua, Tabnetku B go3mpoBkax 3 u 14 mr
(HoBo Hopawck A/C, laHus) npu npMMeHeHUM 340Pp0BbIMM L06POBOAbLAMM.

Martepuanbl U metogbl. [11A OLEHKM OWMOIKBMBANEHTHOCTU uccaegyemoro npenapata Cemanbrapa® (cemarnytug,
Tabnetkn 3 n 14 mr (AO «BUOXMMUK», POCCUA) C XUMUYECKN CUHTE3UPOBAHHBIM aKTUBHbLIM BELLECTBOM OPUTMHANbHOMY
(pedepeHTHOMY) npenapaTy Pebencac® (cemarnytug, Tabnetkm B Aosvposkax 3 u 14 mr (Hoso Hopawuck A/C, [daHus)
NpoOBEAEHO OTKPbITOE PaHAOMM3MPOBAHHOE MepeKpecTHoe CcpaBHWUTeNbHOe ucciefoBaHue (n=110). [MaumeHTbI
nyTém paHAoOMM3aLMKM pacnpegeneHbl Ha 4 rpynnbl: 1 rpynna (n=25) — nauueHTbl NOAyYanu uccaegyemblii npenapat
Cemanbtapa® v npenapat cpaBHeHua Pebencac® exxeaHeBHo 1 pas3 B cyT B fo3e 3 mr (1 TabneTtka) B TeyeHue 28 aHel;
2 rpynna (n=25) — npenapat cpaBHeHua Pebencac® u nccnesyemblii npenapat Cemansrapa® exeaHesHo 1 pas B AeHb
B no3e 3 mr (1 Tabnetka) B TeyeHne 28 pgHelr; 3 rpynna (n=30) —wuccnegyembliit npenapat Cemanbtapa® v npenapat
cpaBHeHuA Pebencac® exxegHeBHo 1 pa3 B cyT B go3e 14 mr (1 TabneTka) B TeueHune 28 gHei; 4 rpynna (n=30) — npenapat
cpaBHeHusa Pebencac u uccnegyemblii npenapat Cemanstapa® exxegHeBHo 1 pa3 B geHb B go3e 14 mr (1 Tabnetka) B
TeyeHune 28 gHell. KoHLEHTpaLMIO cemarnyTnaa onpeaensnu B 06pasLax CbIBOPOTKM KPOBU C MOMOLLbIO NPpesBapuUTenbHO
Ba/MAMPOBAHHOTO MeToAa WMMyHodepMeHTHOro aHanusa (M®PA). BbiBos, O OMOIKBMBANEHTHOCTM CPABHUBAEMBbIX
npenapaTos Aenanun no oueHke 90% AOBEPUTENbHbBIX MHTEPBA/ZIOB ANA OTHOLIEHWUM CPeAHUX FEOMETPUYECKUX 3HAYEHUI
napametpos C__, AUC(H cemarnyTmaa B UCXOAHbIX eAUHULAX U3MEPEHMUA.

Pe3ynbratbl. Pe3ynbTaTbl KAMHWYECKOrO WCCAEL0BAaHUA MPOLEMOHCTPUPOBAAU OUOSKBUBANEHTHOCTb UCC/IEAYEMOro
npenapaTa v npenaparta cpaBHeHUA. PapmaKOKMHETUYECKME NapameTpbl NpernapaToB Bbln COMOCTaBUMbI MeXay coboin:
Mo pesynbTaTam CTAaTUCTUYECKOTO aHanu3a nosydeHHble 90% foBepuTeNbHblE MHTEPBA/bI ANA OTHOLWEHUA 3HauYeHuid C,
SS U AUC(O_I)SS cemarnytuga 3 mr coctasuam 96,57-120,94% v 94,37-120,06%, cooTBeTcTBEHHO. [1n1A B A03MPOBKKU 14 mr
90% poBepuTeNbHbIe MHTEPBAbl AN OTHOLEHUA 3HAYEHUM Cmax, SS U AUC(O_I)SS cemarnytnaa coctasunum 91,79-109,68% u
91,47-112,80%, COOTBETCTBEHHO. [lepeHOCMMOCTb NpenapaToB y 406POBO/bLEB OTMEYEHa KaK xopoluas. B TeyeHue Bcero
MUCCNef0BaHNA He 3aperncTpMpoBaHO HU OAHOMO CEPbE3HOro HeXenaTeNbHoro AsBneHMA. Takum obpasom, ucciesyemblii
npenapat Cemanbtapa®, TabneTkm U npenapat cpaBHeHUs Pebencac®, Tabnetkn, UMeroT cXoaHbIM Nnpoduab 6e3onacHocTy,
BKJ/IOYAA NEePeHOCUMOCTb KaK B 03MPOBKe 3 Mr, Tak U B f03MpoBKe 14 mr.

3akntoueHue. B xone npoBef&HHOrO UCCNeA0BaHMA NMOKasaHa BUO3KBMBAZIEHTHOCTb U CXOAHbIM Npoduab GesonacHocTy,
a TaKXe MepeHOCMMOCTb pPoccuiickoro npenapata Cemanstapa® (cemarnytug 3 u 14 mr, Tabnetkn, OO0 «Mpomomesy,
Poccus) B cpaBHeHMM C 3apybekHbiMm npenapatom Pebencac® (cemarnytua, Tabnetku B Ao3mposBkax 3 u 14 mr (Hoso
Hopauck A/C, JaHus).

KnioueBble cnoBa: r1OKaroHonoAo6HbIN nentua-1; 6MOSKBUBANEHTHOCTb; GaPMaKOKMHETUKA; CEeMAryTUA,; CaxapHbIi
Anabert 2-ro Tmna; GU3MKO-XMMMUYECKME CBOMCTBA; NPoduab 6e30macHOCTH; BUOoOrMYeckas akTUBHOCTb; TabneTku

Cnucok cokpaweHuit: C[ 2 — caxapHbli aumaber 2 Tuna; HbAlc — rAMKMpOBaHHbLIM remornobuH; MNMN-1 —
rNtoKaroHonoAo6bHbIM nentma-1; UMT — uHAekc maccol Tena; AL — apTepuanbHoe fdasneHue; CAL — cucTo/Myeckoe
apTepuanbHoe gasneHune; OA[ — aAuactonnyeckoe aprepuasnbHoe gasneHune; YCC — 4acToTa cepAeyHblX COKpaLLeHui;
OKI' — anektpokapguorpadua; HA — HexenatenbHoe asneHwe; CHA — cepbé3Hoe HexkenatenbHoe fAsneHue; AU —
[0BEpUTENbHBIN UHTEpPBA.
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INTRODUCTION

According to the latest data from the NCD
Risk Factor Collaboration (2022),
people with diabetes mellitus (DM) has reached 828

the number of

million, of whom more than 95% suffer from type 2
DM [1]. Statistics show that the prevalence of DM
will continue to grow, however, this figure is likely
higher due to varying estimates of current diabetes
prevalence [1-3]. Type 2 DM is a complex, multisystem
metabolic disorder characterized by high blood glucose
levels resulting from progressive defects in insulin
secretion or insulin resistance of tissues* [4]. Type 2 DM
is a common and heterogeneous disorder characterized
by varying degrees of beta-cell dysfunction and insulin
resistance.

There
type 2 DM, affecting pathways regulated by the central

is a strong link between obesity and
nervous system. These pathways control food intake
and energy expenditure by integrating signals from
peripheral organs and the environment [5]. It should
also be noted that type 2 DM does not only affect
older people; in recent years, a twofold or threefold
increase in the incidence of type 2 DM in young people
(< 40 years) has been observed [6].

Glucagon-like peptide-1 (GLP-1) receptor agonists
are recently approved drugs for the treatment of
DM and obesity. GLP-1 has physiological effects on
various organs. Like incretin, it enhances glucose-
dependent insulin secretion by pancreatic B-cells,
promotes B-cell neogenesis, inhibits B-cell apoptosis,
and suppresses glucagon secretion by a-cells (shown
in rodent studies). Furthermore, GLP-1 affects other
tissues and organs, including the stomach—slowing
gastric emptying, the heart—exerting cardioprotective
effects, as well as adipose tissue and skeletal muscles—
improving glucose uptake, and also acts centrally on
hypothalamic neurons, inducing satiety [7-9]. GLP-1
receptor agonist therapy suppresses appetite, leading
to weight loss, which in turn has a broad impact on
improving patients’ quality of life and reducing the
risk of cardiovascular and renal complications [10].
Various GLP-1 receptor agonists are approved for
the treatment of type 2 DM, including exenatide,
liraglutide, lixisenatide, dulaglutide, and semaglutide.
These drugs are characterized by subcutaneous
administration, although an oral form of semaglutide
is also available [10]. Scientific studies have shown that

! International Diabetes Federation. IDF Diabetes Atlas 10th Edition;
2021. Available from: https://diabetesatlas.org/
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GLP-1 analogs improve glycemic control in patients with
type 2 DM and additionally contribute to a reduction in
systolic blood pressure (BP). Long-acting preparations
of this class are associated with more effective
glucose reduction and exhibit fewer gastrointestinal
side effects compared to their short-acting
counterparts [11-14].

Scientific developments in recent years have
allowed for a detailed study of the role of incretin
hormones in regulating carbohydrate metabolism in
the human body and their effect on B-cells, as well as
the creation of a new direction in pharmacotherapy.
One of the representatives of incretin mimetics
is semaglutide [15, 16].

Semaglutide reduces total body weight and fat
mass by decreasing energy intake. The mechanism of
action of semaglutide contributes to appetite reduction
by enhancing satiety signals and weakening hunger
signals, as well as improving control over food intake
volume and reducing cravings for it. As a consequence,
insulin resistance decreases due to weight loss.
In addition, semaglutide
for high-fat foods [17, 19].

The “PROMMOMED RUS”

has developed a drug with the active substance

reduces the preference
company LLC
semaglutide, Semaltara®, in tablet form.

For the (tablets), the
product is Rybelsus® (INN: semaglutide), tablets—an

semaglutide reference
original drug from Novo Nordisk A/S, registered in
Denmark, where the level of pharmaceutical market
regulation requirements is not lower than that
established in the EAEU.

In the

active

reference Rybelsus®, the
obtained by a

biotechnological method from recombinant DNA of

product
substance semaglutide is
Saccharomyces cerevisiae, whereas in the investigated
product Semaltara®, the active substance is obtained by
chemical synthesis [17].

international allow the

Current requirements

use of an accelerated registration procedure for

drugs such as semaglutide without conducting

comparative efficacy studies, considering them
redundant [18].

To establish equivalence, it is sufficient for the
applicant to demonstrate using modern analytical
(HPLC-MS, NMR, that the active
in the proposed synthetic peptide is
in the

characteristics,

methods etc.)
ingredient
the same as reference drug—comparable

physicochemical biological activity,
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Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2026-14-4-387-409

and an identical impurity profile?. According to FDA
guidance (ANDAs for Certain Highly Purified Synthetic
Peptide Drug Products That Refer to Listed Drugs of
rDNA Origin, 2021), information on the safety and
efficacy of the original drug, in the case of a similar
dosage form, route of administration, dosage, and
conditions of use, is sufficient to establish equivalence
of the drug?.

Thus, conducting a bioequivalence study is relevant
and applicable for confirming the reproducibility of the
investigated semaglutide drug®.

THE AIM is to conduct a comparative analysis of

the physicochemical properties, biological activity,
bioequivalence, and safety, including tolerability
and immunogenicity, of the medicinal product

Semaltara® (semaglutide, tablets 3 mg and 14 mg
(JSC “Biokhimik”, Russia) and the reference product
Rybelsus® (semaglutide, tablets in dosages of 3 mg and
14 mg (Novo Nordisk A/S, Denmark) used to healthy
volunteers.

MATERIALS AND METHODS

Study Design

A single-center, open-label, randomized, crossover
bioequivalence study with multiple administrations of
the study drug and reference drug was conducted.

The total duration of the study for each volunteer
was no more than 71 days.

The study included the following stages:

1. Screening—no more than 14 days.

2. Randomization.

3. Period
received the study drug Semaltara® (T1 or T2),
volunteers in groups 2 and 4 received the reference
drug Rybelsus® (R1 or R2). The duration of the period
was no more than 28 days (outpatient visits on days 1,

|—volunteers in groups 1 and 3

15, 25, 26, 27; hospitalization in the evening on day 27
at least 10 hours before drug intake for up to 26 hours
after drug intake on day 28, blood sampling within 24
hours after drug intake on day 28).

4. Period in groups 1 and 3
received the reference drug Rybelsus® (R1 or R2),

Il—volunteers

volunteers in groups 2 and 4 received the study drug

2 ANDAs for certain highly purified synthetic peptide drug products
that refer to listed drugs of rDNA origin. Available from: https://
collections.nIm.nih.gov/catalog/nlm:nimuid-9918350982606676-pdf
3 bid.

4 National Center for Biotechnology Information (2023). PubChem
Compound Summary for CID 56843331, Semaglutide. Retrieved
May 15, 2023. Available from: https://pubchem.ncbi.nlm.nih.gov/
compound/Semaglutide

Tom 14, Beinyck 4, 2026

Semaltara® (T1 or T2). The duration of the period was
no more than 28 days (outpatient visits on days 29, 43,
53, 54, 55; hospitalization in the evening on day 55 at
least 10 hours before drug intake for up to 26 hours
after drug intake on day 56, blood sampling within 24
hours after drug intake on day 56).

5. Completion of study participation.

Considering the variability data of semaglutide
drugs, a crossover design with multiple administrations
of the study drug / reference drug in each period is
provided. Given that steady-state concentration of
semaglutide is achieved after 4-5 weeks of once-daily
administration, each period includes a duration of 28
days of study drug / reference drug intake [6].
that the study
investigation of steady-state concentration of the drug

Considering involved the
with multiple administrations, a washout period is not
provided in the present study.

A graphical scheme of the study design is

presented in Figure 1.

Study subjects and eligibility criteria

The study was conducted with healthy male and
female volunteers aged 18 to 65 years inclusive, who
met all inclusion criteria and none of the exclusion
criteria.

Inclusion criteria: signing the informed consent
form ICF, as well as the ability and willingness to
comply with all Protocol requirements; women of
non-childbearing potential and men aged 18 to 65
years inclusive at the time of signing the ICF; body
mass index (BMI) 25-30 kg/m? inclusive; verified
diagnosis of “healthy” based on standard clinical,
laboratory, and instrumental examination methods;
hemodynamic parameters: systolic blood pressure
(SBP) 100-130 mmHg, diastolic blood pressure (DBP)
60-90 mmHg, heart rate (HR) 60-90 bpm, respiratory
rate (RR) 16-20 breaths/min; negative results for
human immunodeficiency virus (HIV), syphilis, hepatitis
B (HBsAg), and hepatitis C (HCV); negative results for
alcohol, psychotropic, and narcotic substance use;
willingness to abstain from alcohol consumption
during study participation. Women of non-childbearing
potential
oophorectomy, tubal ligation, infertility, absence of

(history  of  hysterectomy, bilateral
menstruation for 12 consecutive months prior to
screening), and men; the absence of treatment upon
diagnosis of “infertility” prior to study enrollment, as

well as planned treatment throughout the study and for
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2 months after its completion (both standard, surgical,

and non-traditional or experimental treatments);
consent of male volunteers to use reliable methods of
contraception (abstinence, barrier method (condom
or occlusive cap (diaphragm or cervical / vault cap))
or dual barrier method of contraception (condom or
occlusive cap (diaphragm or cervical / vault cap) plus
spermicide (foam / gel/ film / cream / suppository))

throughout their participation in the study and
for 2 months after its completion.

Exclusion Criteria: history of allergies, drug
intolerance; hypersensitivity to semaglutide or any of
the excipients of the study drug / reference drug, to
therapeutic proteins; women of childbearing potential;
use of medicinal products: history of semaglutide use;
other analogs of human GLP-1—within less than 6
months prior to screening; medicinal products with
a significant impact on hemodynamics and/or liver
function (barbiturates, omeprazole, cimetidine, etc.)—
within less than 2 months prior to screening; other
medicinal products (including those used for weight
loss), including herbal and homeopathic preparations,
vitamins and/or dietary supplements (DSs)—within
less than 4 weeks prior to screening; inability to insert
a cubital heparinized catheter; difficulty swallowing
tablets; tendency for frequent bowel movements,
diarrhea within less than 2 weeks prior to screening /at
the time of screening / randomization; any difficulties
with blood collection in history or any vasovagal
episodes during blood collection that, in the opinion
of the investigator, could significantly interfere with
blood sampling for the study; donation or loss of
blood (=450 mL of blood or plasma) within less
than 3 months prior to screening; planned donation
of blood / plasma/blood

intervention during study participation; any deviations

components or surgical
from normal values in laboratory and/or instrumental

examination; history of severe cardiovascular,
bronchopulmonary, endocrine, central nervous system,
gastrointestinal diseases, malignant oncological or
hematological diseases; gastrointestinal surgery (except
appendectomy) in history; history of medullary thyroid
carcinoma, including familial; history of multiple
endocrine neoplasia type 2; diabetes mellitus; history
of pancreatitis; severe depression, suicidal thoughts
or behavior, including in history; acute infectious
less than
diet (e.g.,

vegetarian, vegan, low-salt, low-calorie, etc.) within less

diseases or symptoms of ARVI within

4 weeks prior to screening; special

392

than 2 months prior to screening procedures; special
lifestyle (night work, extreme physical exertion) within
less than 2 months prior to screening procedures;
alcohol consumption within 72 hours prior to any
screening procedures; history of consuming more
than 10 units of alcohol per week (1 unit of alcohol is
equivalent to 500 mL of beer, 200 mL of wine, or 50 mL
of spirits) or history of alcoholism, drug addiction,
substance abuse; smoking more than 10 cigarettes
per day at the time of screening; undergoing piercing,
than

1 month prior to screening or planning to undergo

tattooing / tattooing procedures within less
them during study participation; inability or incapacity
to comply with necessary contraceptive measures;
pregnancy (positive pregnancy test in women) or
breastfeeding period; mental, physical, and other
reasons that prevented the volunteer from adequately
assessing their behavior and correctly following
the study Protocol; participation in another clinical
study within less than 3 months prior to screening;
other reasons that, in the opinion of the investigator,
prevented the volunteer from participating in this study.

Exclusion Criteria: the principal investigator could
exclude a volunteer from the study for the following
reasons: volunteer’s refusal to participate in the clinical
study; the investigator decided that the volunteer
needed to be excluded in the volunteer’s best interest;
erroneous enrollment of a volunteer who did not
meet the inclusion criteria and/or met the exclusion
criteria; positive test for alcohol, psychotropic and/
or narcotic substances; variability (positive pregnancy
test in women); missed two or more blood draws
for  pharmacokinetic  parameter  determination
consecutively within one study period or three blood
draws for pharmacokinetic parameter determination
within one study period; volunteer’s use of vitamins,
DS, drugs, including herbal and/or homeopathic, except
for the study drug / reference drug; development of
any diseases or conditions during the study that make
further participation impossible; volunteer refuses to
cooperate, is undisciplined, does not comply with the

study participation rules.

Randomization Procedure
Each volunteer who met all inclusion criteria
and did not

assigned a randomization number according to the

meet any exclusion criteria was

randomization plan prepared for this study in the
WinPepi 11.65 program (module ETCETERA 3.26) using
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a random number generation method. The volunteer’s
randomization number was entered by the investigator
into the Clinical Trial Participant Registration Log for
screening / randomization. If a volunteer prematurely
discontinued study participation, 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 August 9, 2024, to
March 21, 2025, at the Research Center of the Clinical
Hospital No. 3 (Yaroslavl, Russia). The total duration
of the study for each volunteer was no more than
71 days screening period). All
randomized volunteers completed the study fully in

(including the

accordance with the approved Study Protocol.

Description of Procedures and Methodology

Drug Administration

A total of 110 volunteers who met the inclusion
criteria and had no exclusion criteria were randomized
into 4 groups:

3 mg Dosage

Group 1 (n = 25) received the study drug
Semaltara® (T1) in Period | of the study and the
reference drug Rybelsus® (R1) in Period Il (T1R1
sequence). The drugs were administered orally once
daily at a dose of 3 mg (1 tablet) for 28 days.

Group 2 (n = 25) received the reference drug
Rybelsus® (R1) in Period | of the study and the study
drug Semaltara® (T1) in Period Il (R1T1 sequence). The
drugs were administered orally once daily at a dose of 3

mg (1 tablet) for 28 days.
14 mg Dosage
Group 3 (n = 30) received the study drug

Semaltara® (T2) in Period | of the study and the
reference drug Rybelsus® (R2) in Period Il (T2R2
sequence). The drugs were administered orally once
daily at a dose of 14 mg (1 tablet) for 28 days.

Group 4 (n = 30) received the reference drug
Rybelsus® (R2) in Period | of the study and the study
drug Semaltara® (T2) in Period Il (R2T2 sequence). The
drugs were administered orally once daily at a dose of
14 mg (1 tablet) for 28 days.

Volunteers took the study drug / reference drug
orally in the morning on an empty stomach, at least
30 minutes before food and additional fluids/drinks.
Tablets should be swallowed whole, without chewing,
dissolving, crushing, or breaking them, with 120 mL of
still water.

Tom 14, Beinyck 4, 2026

Sample preparation and collection

Blood sampling times for pharmacokinetic
parameter assessment:
Day 1: no more than 15 minutes before

administration of the study drug / reference drug
(corresponds to time 0 h in Tables 59-62; this point is
not included in pharmacokinetic profile construction).

Days 25 and 53: no more than 15 minutes before
administration of the study drug / reference drug
(corresponds to time 576 h in Tables 59—62 and time
-72 h in pharmacokinetic profiles).

Days 26 and 54: no more than 15 minutes before
administration of the study drug / reference drug
(corresponds to time 600 h in Tables 59—62 and time
-48 h in pharmacokinetic profiles).

Days 27 and 55: no more than 15 minutes before
administration of the study drug / reference drug
(corresponds to time 624 h in Tables 59-62 and time
-24 h in pharmacokinetic profiles).

Days 28 and 56: no more than 5 minutes
before administration of the study drug/ reference
drug and then at 10 min, 20 min, 30 min, 40 min,
50 min, 1 h, 1.5 h, 2 h,3 h,4h,6h, 12 h, 24 h
after administration of the study drug / reference
drug on days 28 and 56 (correspond to
times 648 h, 648.17 h, 648.33 h, 6485 h,
648.67 h, 648.83 h, 649 h, 649.5 h, 650 h, 651 h, 652 h,
654 h, 660 h, and 672 h in Tables 59-62 and times
0h,0.17 h,0.33 h,0.5h,0.67 h,0.83h,1h,1.5h,2h,
3 h,4 h 6 h, 12 h, and 24 h in pharmacokinetic
profiles).

Thus, 35 blood samples were collected for each
volunteer (15 mL each) for pharmacokinetic parameter
assessment. A total of 3850 blood samples were
collected for pharmacokinetic parameter assessment
in 110 volunteers, assuming each volunteer completed
the study. 7700 blood samples were transferred to
the analytical center for pharmacokinetic parameter
assessment (aliquots A and B) in 110 volunteers.

During the screening, blood was collected in a
volume of no more than 25 mL for clinical, biochemical,
and serological analyses, determination of glycated
hemoglobin, and blood glucose level determination
using a glucometer.

During the hospital stage, upon discharge from
the inpatient facility (in periods | and Il), blood was
collected for clinical and biochemical analyses,
determination of glycated hemoglobin, and blood
glucose level determination using a glucometer, with a
total volume not exceeding 15 mL in each period.
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Analytical Method
Pharmacokinetic parameters were assessed based
on semaglutide concentration in serum by HPLC using a
triple quadrupole tandem mass spectrometric detector.
For this
variables were calculated: AUC ...

purpose, the following pharmacokinetic
is area under the
“concentration—time” curve during the dosing interval
at steady state (corresponding to AUC_,, on Days 28
and 56); C ooy 55 IS Maximum serum drug concentration at
steady state (corresponding to C__ on Days 28 and 56);
Cmin’ IS minimum serum drug concentration at steady
state (corresponding to C_ on Days 28 and 56); T oo ss
is time to reach maximum serum drug concentration at
steady state.

Additional pharmacokinetic calculations could be

performed if necessary.

Sample Preparation

Sample preparation was performed by protein
precipitation using a methanol-acetonitrile mixture
(70 : 30). To 100 pL of serum sample placed in 2 mL
Eppendorf centrifuge tubes, 10 pL of semaglutide
working standard solution was added, followed by
300 pL of precipitant. The mixture was vortexed for 10
sec and then centrifuged for 15 minutes at 12,300 g.
320 pL of the
transferred to a well of a 96-well plate and placed in the

Subsequently, supernatant was

chromatograph autosampler.

Chromatographic Separation

and Detection Conditions

Chromatographic separation and detection were
performed on a Nexera XR high-performance liquid
chromatograph and an LCMS-8040 triple quadrupole
tandem mass spectrometric detector. Raw data
processing was carried out using LabSolutions Ver. 5.91
software (Shimadzu Corp., Japan). Chromatographic
separation and detection conditions are presented in

Tables 1 and 2.

Method Validation

The developed method was validated according to
the following parameters: selectivity, system suitability,
matrix effect, calibration curve, accuracy, precision,
recovery, lower limit of quantification, sample
transfer, short-term stability (“bench-top” and “post-
preparative”), stability upon three freeze-thaw cycles,

stability of stock and working standard solutions, long-
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term analyte stability in matrix, and absence of sample
dilution effect.

Within 1-3 validation cycles, the method was fully
validated in December 2024. The confirmed analytical
range of the method was 1.00-300.00 ng/mL in serum
for semaglutide.

During the analytical stage of the study according
to protocol No. 13101-SR, version 1.0 dated June 07,
2024, “Open randomized cross-over comparative study
of pharmacokinetic parameters, bioequivalence, safety,
and tolerability of the drug WTBC13101 (PROOMED
RUS LLC, Russia) in healthy volunteers,” a discrepancy
was found between the obtained results and the
expected concentration range, based on which the
analytical range of the method for semaglutide was
selected. In this regard, a decision was made to change
the analytical range of the method for semaglutide
such that the LLOQ does not exceed 5% of the
minimum C__ value.

In December 2024, as part of the 4 validation
cycle, partial validation of the method for quantitative
determination of semaglutide in human serum
was conducted to expand the analytical range for
semaglutide towards reducing the method’s LLOQ
from 1.00 ng/mL to 0.50 ng/mL (Rules for conducting
bioequivalence studies of medicinal products within
the Eurasian Economic Union, approved by Decision
No. 85 of the Council of the Eurasian Economic
Commission dated 03.11.2016, Annex VI, Sections 2
and 3, paragraphs 48 and 50). The following validation
parameters were assessed: selectivity, calibration
curve, accuracy, precision, lower limit of quantification.
The confirmed analytical range of the method was

0.50-300.00 ng/mL in serum for semaglutide.

Bioequivalence Assessment

Bioequivalence of the studied drugs was assessed
based on semaglutide concentration in serum. The
conclusion on the bioequivalence of the compared
drugs was formed using an approach based on the
assessment of 90% confidence intervals (Cls) for the

ratios of the geometric mean values of AUC and

(0-T)ss
C parameters of semaglutide in original units

max, ss
of measurement. The 90% CI limits were rounded
to two decimal places. The drugs were considered
bioequivalent if the limits of the estimated confidence
interval for AUC, .. and C

within 80.00-125.00%.

of semaglutide were
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Screening
\2
Randomization
\’
Group 1 volunteers orally took the Group 2 volunteers
study drug Semaltara® <« - orally took the reference drug
at a dose of 3 mg once daily Period | Rybelsus® at a dose of 3 mg once daily
Group 3 volunteers orally took the (Days 1-28) Group 4 volunteers
study drug Semaltara® at a dose <« - orally took the reference drug
of 14 mg once daily Rybelsus® at a dose of 14 mg once daily
3 \’ \2
Group 1 volunteers orally took the Group 2 volunteers
reference drug Rybelsus® at a dose “«— — | orally took the study drug Semaltara®
of 3 mg once daily Period Il at a dose of 3 mg once daily
Group 3 volunteers orally took (Days 29-56) Group 4 volunteers
the reference drug Rybelsus® <« - orally took the study drug Semaltara®
at a dose of 14 mg once daily at a dose of 14 mg once daily
\2
Study completion
(Day 57)

Figure 1 — Study Design.

N=110
screened
volunteers

N =110
randomized
volunteers

N =110
volunteers who
received the drugs

[

N =50

volunteers received the study drug /
reference drug at a dose of 3 mg

volunteers received the study drug /
reference drug at a dose of 14 mg

N =60

N=25

N=25 N=30

N=30

Group 1: volunteers received
the study drug WTBC13101 (T1)
in the | period and the reference drug
Rybelsus® (R1) in the Il period
(sequence T1R1). The drugs were
administered daily 1 time per day at a

Group 2: volunteers received the
reference drug Rybelsus® (R1)
in the | period and the study drug
WTBC13101 (T1) in the Il period
(sequence R1T1). The drugs were
administered daily 1 time per day at

Group 3: volunteers received
the study drug WTBC13101 (T2) in the
| period and the reference drug Rybelsus®
(R2) in the Il period (sequence T2R2).
The drugs were administered daily
1 time per day at a dose of 14 mg

Group 4: volunteers received the
reference drug Rybelsus® (R2) in
the | period and the study drug
WTBC13101 (T2) in the Il period
(sequence R2T2). The drugs were
administered daily 1 time per day at a

dose of 3 mg (1 tablet) for 28 days. a dose of 3 mg (1 tablet) for 28 days. (1 tablet) for 28 days. dose of 14 mg (1 tablet) for 28 days.
N=25 N=25 N =30 N=30
completed completed completed completed
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Figure 2 — Distribution of Volunteers.
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Table 1 — Chromatographic conditions

Chromatographic conditions

Column Phenomenex Luna C18, 100A, 50x2.00 mm, 5 um
Pre-column Phenomenex C18, 4x3.0 mm
Column thermostat temperature 50°C
. Eluent A 0.3 % formic acid solution in water (by volume)
Mobile phase — - —
Eluent B 0.3 % formic acid, 7% ethyl acetate, 5% methanol in acetonitrile (by volume)
Time, min % content of eluent B Flow rate of t.he mobile
phase, mL/min
0.00 5.0
1.50
0.50 5.0-100.0
1.31 100.0
2.00
1.99 100.0
2.00 100.0
2.05 5.0
Gradient of the mobile phase 250 50 150
2.70 100.0
3.00 100.0
3.01 100.0
2.00
3.99 100.0
4.00 100.0
4.05 5.0 1.50
5.50 5.0
Volume of the injected sample 20 L

Retention time of semaglutide about 1.1 min

about 1.1 min
0.00-5.50 min

Liraglutide retention time

Time of registration of the chromatogram

Table 2 — Mass spectrometric detection conditions

Mass spectrometric detection conditions

Parameters of an electrospray ionization

Needle voltage lonization mode
SEM LIR SEM LIR

400 °C 250°C 5.0kB 5.0kB + +

Sheath gas Auxiliary Gas Heating unit Desolvation line

3 L/min 20 L/min
Semaglutide detection conditions, m/z
1029.10->1302.30 1028.90->1109.65
Liraglutide detection conditions, m/z z
938.35->1128.30

1029.10->1237.60 1029.40->1359.10

938.35->1063.75

Table 3 — Average values of the main pharmacokinetic parameters for the study drug and the reference drug

Dose 3 mg Dose 14 mg
Parametr Semaltara® (T1) Rybelsus® (R1) Semaltara® (T2) Rybelsus® (R2)
Mean + SD Mean + SD Mean + SD Mean + SD
o s ng/mL 51.30 + 48.06 47.36 £52.55 171.10+77.70 171.90 £ 97.43
C_. ., ng/mL 20.81 + 18.70 19.77 £ 23.38 107.57 £57.92 105.42 t 66.01
o 55 0.74+0.23 0.74+0.29 0.79£0.17 0.81+0.12
AUC“HE, ngxh/mL 670.43 £ 649.14 628.67 £ 818.19 3246.81 £ 1593.14 3226.51+1974.19
In(C,__. ) 3.88+0.69 3.80£0.67 5.12 £ 0.46 5.12+0.52
In(AUC(O_()) 6.47 £ 0.73 6.40 £0.74 8.07 £0.54 8.05+ 0.62
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3 mg Dosage
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Figure 3 — Pharmacokinetic profiles of semaglutide drugs
by concentration and time.
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Safety and Tolerability Assessment

To assess the safety and tolerability of the
study drug semaglutide, the following criteria were
evaluated:

e Frequency and severity of adverse events

(AEs) recorded based on deviations from
normal laboratory test results, physical
examination, assessment of vital signs,

and ECG.
e Number of cases of premature discontinuation
from the study due to the development of AEs
and/or serious adverse events (SAEs), including
those related to the study drug / reference
drug.
The investigator’s

tolerability of the study drug / reference drug was

assessment of the overall
performed using a Likert scale.

Ethics Approval

The study complied with the ethical principles set
forth in the Declaration of Helsinki as revised, the Good
Clinical Practice rules of the Eurasian Economic Union,
the International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use
(ICH E6 GCP R2) Good Clinical Practice guidelines, and
other applicable legislation. The clinical study protocol
was approved by the Ethics Council of the Ministry of
Health of Russia (Extract from the minutes of meeting
No. 363 of the Ethics Council of the Ministry of Health
of the Russian Federation dated July 23, 2024), as
well as by the Local Independent Ethics Committee
at the Research Center of the Clinical Hospital No. 3
(extract from the minutes of meeting No. 213 dated
August 29, 2024).

Statistical Analysis

Sample Size Calculation

The required number of participants was calculated
based on data on intra-individual variability coefficients
(CViea
studies. The Assessment report Rybelsus [1] presents
data indicating that Cv, _for AUC
33%. The sample size calculation was performed
using PASS 11 software (USA). Considering that the
90% Cl was 80.00-125.00%, AUC, . /C_ _ was 33%,

a = 0.05, study power was 80%, and the expected T/ R

) of key pharmacokinetic parameters in similar

does not exceed

max, ss

ratio was 0.95, at least 46 healthy volunteers were
required to fully complete the study and be included
in the statistical analysis. Accounting for potential
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dropouts during the study, 50 healthy volunteers
were randomized into the 3 mg dosage study (25
volunteers per group) and 60 healthy volunteers (30
volunteers per group) into the 14 mg dosage study.
Thus, the total
was 110.

number of randomized volunteers

Statistical Analysis

Pharmacokinetic parameters, statistical analysis of
safety and tolerability indicators, and results reporting
were performed using statistical packages (StatSoft
Statistica version 13.3, and R project (version 4.1.3,
GPL-2/GPL-3 with the
version 2.9.1%). For all pharmacokinetic parameters,

license) “bear” extension,
the following statistical parameters were calculated:
arithmetic mean, geometric mean, standard deviation
of the mean, coefficient of variation, median, minimum
and maximum values, range. Statistical analysis was
distribution for

C... ss and AUC(Hss, and a normal distribution for

conducted assuming a log-normal
other pharmacokinetic parameters. After logarithmic
transformation, these parameters were analyzed using
analysis of variance (ANOVA).

The conclusion on the bioequivalence of the
compared drugs was made using an approach
based on the assessment of 90% Cl for the ratios
and C

ss parameters of semaglutide in original units of

of the geometric mean values of AUC(

0-1)ss max’

measurement. The 90% Cl limits were rounded to

two decimal places. The drugs were considered

bioequivalent if the limits of the estimated confidence
interval for AUC(, : and C
—T)SS max, ss

within 80.00-125.00%.
For all safety and tolerability indicators collected

of semaglutide were

during the study, descriptive statistics are presented
as mean and standard deviation (Mean * SD), 95%
confidence interval for the mean (M [95% Cl]), median
(Me), interquartile range [Q1 ; Q3], minimum (min) and
maximum (max), or as frequencies and percentages (n,
%) depending on the variable type.

For the
proportions were compared using the two-sided

analysis of frequency indicators,
exact Fisher’s test (or the yx* (“chi-squared”) test, if
all expected values in the contingency table cells for
this analysis were 5 or more). For the comparison of
continuous quantitative indicators, the Student’s t-test

(in case of normal distribution) or the Mann-Whitney

° R project. bear (BE/BA for R) v2.9.6. Available from: https://www.
pkpd168.com/bear
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U test was used (in case of distribution different from
normal).

Differences were considered statistically significant
at p < 0.05.

RESULTS

Bioequivalence and comparability of safety
and tolerability profile

Population

The study included 110 male and female volunteers
who received the study drugs / reference drugs at
doses of 3 mg and 14 mg. The mean age of volunteers
in the population was 46.82 + 8.93 years (range 23
years to 64 years), body weight was 83.26 + 8.62 kg
(range 66.50 kg to 97.20 kg), height was 172.91 + 7.18 cm
(range 162 c¢cm to 189 cm), and the mean BMI was
27.78 +1.30 kg/m? (range 25.05 kg/m? to 29.83 kg/m?).

Among the volunteers who received the study
drugs / reference drugs at doses of 3 mg and 14
mg, there were 58 (52.73%) male volunteers and 52
(47.27%) female volunteers.

Pharmacokinetics and bioequivalence
3 mg Dose
Based on the statistical analysis, the obtained

90% Cls for the ratio of C_ _ ~and AUC, values
of semaglutide were 96.57-120.94% and 94.37-
120.06%, respectively. The obtained confidence

intervals fall within the limits established by regulatory
documentation and the Study Protocol (80.00-125.00%
for C

max,ss,

AUC(M,SS), indicating that the bioequivalence
of the study drugs at a dose of 3 mg in this sample of
subjects is statistically proven (Table 3).

The obtained intra-individual variation coefficients
for the pharmacokinetic parameter C s Were 34.46%,
and for the parameter AUC . o they were 37.03%.

The statistical power of the study for the
pharmacokinetic parameter Craxss Was 80.32%, and for
the pharmacokinetic parameter AUC . ., it was 74.70%

(Table 3).

14 mg Dose
Based on the statistical analysis, the obtained

90% Cls for the ratio of C__  and AUC . values
of semaglutide were 91.79-109.68% and 91.47-
112.80%, respectively. The obtained confidence

intervals fall within the limits established by regulatory
documentation and the Study Protocol (80.00—125.00%
for Cornss, AUC(OT)VSS), indicating that the bioequivalence

of the study drugs at a dose of 14 mg in this sample of
subjects is statistically proven (see Table 3).
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The obtained intra-individual variation coefficients
maxss WeTre 29.74%,
and for the parameter AUC ., o they were 35.28%.

The statistical of the study for the
pharmacokinetic parameter C 93.92%,
for the pharmacokinetic parameter AUC, . it was
85.44%.

Figure 3 presents the averaged pharmacokinetic

for the pharmacokinetic parameter C

power
and

max,ss was

profiles over time (in linear and log-linear
transformations, with and without standard deviations)
after administration of the study drug and the
reference drug at doses of 3 mg and 14 mg. As can be
seen from the compared curves, the concentration-
time relationship for the compared drugs is practically

indistinguishable.

Complete Blood Count

As a result of the comparative analysis of clinical
blood count parameters, no intergroup differences
were found, except for differences in “Leukocytes,
10%L” (p = 0.0073) at the outpatient stage on day
29 between groups 1 and 2, “Hemoglobin, g/Ll”
(p = 0.0270), “Erythrocytes, 10'/l” (p = 0.0114),
“Platelets, 10%L” (p = 0.0032), “Color Index/MCH, pg”
(p = 0.0324) at the outpatient stage on day 29 between
groups 3 and 4, “Hemoglobin, g/l” (p = 0.0313),
“Hematocrit, %” (p = 0.0371), “Erythrocytes, 10'%/L”
(p = 0.0042), and “Platelets, 10%L” (p = 0.0040) at the
inpatient stage on day 57 between groups 3 and 4.
Differences in these parameters were deemed
clinically insignificant because all volunteers had these

parameters within the reference ranges.

Urinalysis

Based on the comparative analysis of urinalysis
parameters, no significant differences were found,
except for differences in “pH, units” (p = 0.0245) at the
outpatient stage between groups 1 and 2, and “pH,
units” (p = 0.0239) at the inpatient stage between
groups 1 and 2. Differences in these parameters were
deemed clinically insignificant because all volunteers
had them within the reference ranges.

Biochemical Blood Analysis

Based on the comparative analysis of biochemical
blood analysis parameters, no intergroup differences
were found, except for differences in “AST, U/L”
(p = 0.0478) at the outpatient stage, “Total Bilirubin,
umol/L” (p = 0.0456), and “AST, U/L” (p = 0.00298)
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at the inpatient stage, between groups 1 and 2.

Differences in these parameters were deemed
clinically insignificant because all volunteers had these
parameters within the reference ranges.

Differences were also found in “Total Cholesterol,
mmol/L” (p = 0.0443) at the inpatient stage between
groups 3 and 4. Differences in these parameters
were deemed clinically insignificant because all
volunteers had these parameters within the reference

ranges.

Blood Glucose Level

Based on the comparative analysis of blood glucose
level parameters, no intergroup differences were found,
except for differences in “Blood Glucose Level, mmol/L”
(p = 0.0126) at the outpatient stage on day 15, “Blood
Glucose Level, mmol/Ll” (p = 0.0132) at the outpatient
stage on day 29 (24 hours after drug administration on
day 28), “Blood Glucose Level, mmol/L” (p = 0.0031)
at the outpatient stage on day 55, and “Blood Glucose
Level, mmol/l” (p = 0.0032) at the inpatient stage
on day 57, between groups 1 and 2. Differences in
these parameters were deemed clinically insignificant
because all volunteers had these parameters within the
reference ranges.

Blood Pressure Parameters

Based on the comparative analysis of vital signs,
no intergroup differences were found between groups
1 and 2, except for differences at the outpatient stage
on day 55 for SBP (p = 0.0340), on day 1 (0 h, before
randomization) for DBP (p = 0.0363), on day 43 for RR
(p = 0.0337), and at the inpatient stage: on day 56 for
DBP (p = 0.0103), and on day 27 for RR (p = 0.0100).
Differences in these parameters were deemed
clinically insignificant because all volunteers had these
parameters within the normal range. No AEs were
recorded for these parameters.

Based on the comparative analysis of vital signs,
no intergroup differences were found between groups
3 and 4, except for differences at the outpatient stage
on day 29 (4 h) for DBP (p = 0.0272), on day 53 for
DBP (p = 0.0276), on day 15 for HR (p = 0.0159), on
day 53 for HR (p = 0.0019), on day 53 for temperature
(p = 0.0292), on day 1 (0 h, before randomization)
for RR (p = 0.0495), on day 1 (4 hours after drug
administration) for RR (p = 0.0183), on day 29 (4 hours
after drug administration) for RR (p = 0.0431), and

at the inpatient stage: on day 27 for HR (p = 0.0252).
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Differences in these parameters were deemed
clinically insignificant because all volunteers had these
parameters within the normal range. No AEs were

recorded for these parameters.

Safety and tolerability

Safety and tolerability were assessed for all 110
volunteers who received a dose of the drug.

In groups 1 and 2 (3 mg dose), no cases of AEs were
recorded. In groups 3 and 4 (14 mg dose), nausea was
reported as an AE in 6 volunteers.

A total of 6 AEs were recorded in 6 volunteers
during the study: 3 AEs were noted in 3 volunteers in
group 3 (T2), and 3 AEs were noted in 3 volunteers in
group 4 (R2).

All AEs recorded during the study were of mild
severity. According to the investigators, the causal
relationship with the use of the study drug / reference
drug was assessed as “probable” in all cases. Analysis
of the frequency of AE outcomes in volunteers showed
that by the end of the study, “recovery without
sequelae” was observed in all cases. In all cases of
volunteers with recorded AEs, no treatment was
administered.

All volunteers completed the study fully in
accordance with the approved study protocol.

The
tolerability of the study drug / reference drug was

investigator’s assessment of the overall
conducted using a Likert scale. Tolerability of the study
drug / reference drug at a dose of 3 mg was assessed
as “good” in 100% of cases. Tolerability of the study
drug / reference drug at a dose of 14 mg was also
assessed as “good” in 90% of cases and “satisfactory” in
10% of cases. Tolerability of the study drug / reference
drug at a dose of 14 mg on day 1 was assessed as
“good” in 90% of cases and “satisfactory” in 10% of
cases. On days 29 (24 hours after drug administration
on day 28 and 4 hours after drug administration) and
day 57, tolerability was assessed as “good” in 100% of
cases.

No SAEs were identified during or after the study.
There were no deaths.

No cases of pregnancy in study participants / sexual
partners of study participants were recorded during or
after the study.

Thus, the study drug Semaltara®, tablets (T), and
the reference drug Rybelsus®, tablets (R), have a similar
safety profile, including tolerability, at both the 3 mg
and 14 mg doses.
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DISCUSSION similar pharmacokinetics to the subcutaneous form,

The structure of semaglutide resembles native
human GLP-1 with three key modifications: 1)
substitution of alanine with alpha-aminoisobutyric
acid at position 8, rendering it resistant to DPP-4
degradation; 2) addition of an 18-carbon chain to
lysine at position 26, enhancing albumin binding
and increasing half-life; 3) substitution of lysine with
arginine at position 34, improving stability [20].
These modifications create a potent, long-acting
GLP-1 analog. Oral

faces

administration of semaglutide

bioavailability challenges due to its size

and susceptibility to enzymatic degradation. Co-
administration with SNAC improves absorption by
buffering gastric pH, reducing pepsin activity, and
increasing the lipophilicity of semaglutide itself. This
allows semaglutide to cross the gastric membrane and
enter the systemic circulation, functioning similarly to
the subcutaneous form [21, 22].

Unlike most oral drugs, semaglutide is absorbed
in the stomach, and its absorption is dependent
on the amount of N-(8-[2-hydroxybenzoyl]amino)
caprylate sodium (SNAC). Studies indicate that 300 mg
of SNAC provides the highest plasma levels of
semaglutide. Semaglutide and SNAC concentrations
are highest near the absorption site in the stomach,
decreasing significantly beyond 3 cm. This supports
the local buffering effect of SNAC and the need for
co-formulation and co-development of the drug
product [21]. Oral semaglutide has lower bioavailability
and higher inter-individual variability compared to
the subcutaneous form, necessitating higher doses to
achieve comparable results [23].

Clinical trial program results showed that oral
doses of semaglutide 7 mg and 14 mg led to more
pronounced improvements in Hb,, levels compared to
sitagliptin, while the 3 mg dose did not show clinically
significant benefit [24]. Food,
significantly semaglutide absorption

rather than water,
[211
25]. Therefore, patients should fast before taking the

reduces

medication and refrain from eating for at least 30 min
after administration [21].

Semaglutide is metabolized via proteolytic cleavage
by DPP-4 and neutral endopeptidases, followed by
beta-oxidation of its fatty acid side chain [26]. The
breakdown products are excreted in urine and feces,
indicating renal and hepatic impairment [26, 27].
that
semaglutide in combination with 300 mg SNAC has

Pharmacokinetic  studies  show oral

Tom 14, Beinyck 4, 2026

irrespective of the presence of renal or hepatic
insufficiency [23, 28].

Numerous clinical studies, including the SUSTAIN
and PIONEER programs, have been conducted to
evaluate the efficacy and safety of injectable and oral
semaglutide in patients with diabetes. The SUSTAIN
clinical trial program included Phase IlIA randomized
controlled trials (SUSTAIN 1-5) to assess the efficacy
and safety of weekly subcutaneous semaglutide
administration in various groups of patients with type
2 DM, from drug-naive individuals to those on oral
antidiabetic drugs and/or insulin [29-33]. Additionally,
SUSTAIN 7 compared semaglutide with dulaglutide, and
SUSTAIN 6 focused on cardiovascular safety [34, 35].
The primary outcome in SUSTAIN 1-5 was the change
in Hb,,_from baseline to end of treatment. Semaglutide
demonstrated significant and sustained reductions in
Hb,, across all studies, ranging from -1.2% to -1.5% at
a dose of 0.5 mg and -1.5% to -1.8% at a weekly dose of
1 mg. In SUSTAIN 7, semaglutide reduced Hb,, by -1.5%
and -1.8% at doses of 0.5 mg and 1 mg, respectively,
while dulaglutide reduced it by -1.1% and -1.4% at
doses of 0.75 mg and 1.5 mg, respectively.

SUSTAIN 8 compared semaglutide (1.0 mg weekly)
to canagliflozin (300 mg daily) in 788 patients over 52
weeks. Semaglutide resulted in a greater reduction in
Hb,, (-1.5% vs. -1.1%) and more significant weight loss
(-4.7 kg vs. -3.2 kg), demonstrating its superior efficacy
in glycemic control and weight management [36].

SUSTAIN 9 evaluated the efficacy of semaglutide
in 302 patients on insulin over 30 weeks. Hb,, levels
decreased by -0.8% with semaglutide compared to
placebo (+0.1%), and weight decreased by -2.0 kg
compared to +0.2 kg with placebo. This study
confirmed the role of semaglutide as an effective add-
on therapy for patients on insulin [37].

SUSTAIN 10 compared semaglutide (1.0 mg weekly)
to liraglutide (1.2 mg daily) in 577 patients over 30
weeks. Semaglutide provided a greater reduction in
Hb,, (-1.7% vs. -1.0%) and more significant weight loss
(-5.8 kg vs. -1.9 kg), highlighting its superior efficacy
among GLP-1 receptor agonists [38].

Building on the success of injectable semaglutide
trials, various clinical studies have been conducted to
evaluate the efficacy and safety of oral semaglutide,
providing valuable insights into its role as an innovative
treatment option for patients with type 2 DM.

A Phase | study by C. Granhall et al. assessed
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the safety, tolerability, pharmacokinetics, and

pharmacodynamics of multiple doses of oral
semaglutide and the absorption enhancer SNAC in
healthy volunteers and individuals with type 2 DM [39].
In a single-ascending dose study, various combinations
of oral semaglutide (2-20 mg) and SNAC were tested
to optimize absorption. Results showed that oral
semaglutide exposure increased in a dose-dependent
manner, with 300 mg of SNAC being the optimal dose.
AEs, primarily gastrointestinal disorders and headaches,
were mild but more frequent in the semaglutide group
compared to placebo [39]. In a multiple-ascending
dose study, 107 subjects (healthy and with type 2 DM)
were given semaglutide (up to 40 mg) in conjunction
with SNAC. Oral semaglutide exposure was similar
in healthy individuals and patients with type 2 DM,
leading to a significant reduction in Hb,, (1.5%) and
body weight (up to 7.2 kg) after 10 weeks (p < 0.001).
Most adverse events were mild, with gastrointestinal
[39]. Further

pharmacokinetic studies found no consistent pattern

disorders being the most common

of change in semaglutide exposure in patients with
renal impairment, except for those with severe renal
impairment, where exposure was lower [23].

A Phase Il study by M. Davies et al. evaluated the
efficacy of oral semaglutide compared to subcutaneous
semaglutide for glycemic control in 632 patients with
type 2 DM [40]. Participants were randomized into
9 groups, including various doses of oral semaglutide
(25 mg to 40 mg),
semaglutide. The primary endpoint, Hb, reduction,

placebo, and subcutaneous
was achieved: with oral semaglutide 40 mg, the
reduction was 1.8% compared to 0.3% in the placebo
group (p < 0.001). Hb,
across all oral semaglutide groups, ranging from 0.4%

reduction was dose-dependent

to 1.6%. At 26 weeks, more participants achieved
an Hb,, level below 7% with oral semaglutide, with
rates increasing from 44% in the 2.5 mg group to
90% in the 40 mg group (p < 0.001 for all). All groups
receiving oral semaglutide also experienced significant
weight loss compared to placebo, with the 40 mg dose
leading to a reduction of 6.9 kg (p < 0.001). No notable
difference in weight loss was observed between the
oral semaglutide 20 mg and 40 mg groups and the
subcutaneous semaglutide group.

The global Phase lll clinical trial program for oral
semaglutide, PIONEER, comprises 12 clinical trials and
involves 9542 patients with type 2 DM. The PIONEER
program used two criteria for efficacy assessment:

402

the treatment policy criterion, which includes patients
regardless of drug discontinuation or rescue medication
use, and the study drug efficacy criterion, which
assumes all patients continued treatment without
rescue medication.

PIONEER 1, completed in February 2020, evaluated
the safety and efficacy of oral semaglutide versus
placebo in patients with type 2 DM treated with diet
and exercise alone [41]. Participants (mean age 55
years, Hb, =7.0-9.5%) were randomized to receive
3 mg, 7 mg, or 14 mg of oral semaglutide or placebo
for 26 weeks. All
reduced Hb, ~compared to placebo (p < 0.001).

semaglutide doses significantly

More participants achieved an Hb, ~value <7%
with semaglutide (55.1%, 68.8%, 76.9%) compared
to placebo (31%) (p < 0.001 for all). Reductions in
fasting plasma glucose and body weight were more
pronounced with semaglutide, particularly at the
14 mg dose, which showed a weight loss difference
of -2.3 kg (p < 0.001). Higher doses also significantly
increased lipase levels and heart rate.

In the PIONEER 2, oral semaglutide (14 mg once
daily) was compared with empagliflozin (25 mg once
daily) for 52 weeks in patients with type 2 DM with
Hb,, levels from 7.0% to 10.5%, all of whom were
taking metformin (= 1500 mg/day). At 26 weeks,
oral semaglutide showed a greater reduction in
Hb,  (-1.3%) compared to empagliflozin (-0.9%,
p < 0.0001), with 47.4% of patients achieving an Hb,
level of < 6.5% vs. 17.2% in the empagliflozin group.
These effects were maintained up to and including 52
weeks. Oral semaglutide also resulted in a significantly
greater reduction in body weight (> 10%) at both 26
weeks (12.5% vs 6.8%) and 52 weeks (15.0% vs 7.8%,
p = 0.0028), confirming its superiority regarding Hb,
and weight reduction [42].

In the 78-week PIONEER 3, oral semaglutide (3 mg,
7 mg and 14 mg) was compared with sitagliptin
(100 mg) in 1864 patients with type 2 DM not
controlled by metformin, with or without sulfonylurea
(mean age 58 years, Hb, 7.0-10.5%). At 26 weeks,
Hb, ~ reduction was
semaglutide 14 mg (-1.3%) compared to sitagliptin
(-0.8%), with 55% of patients in the 14 mg group
achieving an Hb,, level of < 7.0% (p < 0.001). Fasting
plasma glucose also improved with semaglutide 14 mg
(-30.5 mg/dL) compared to sitagliptin (-15.4 mg/dL). By
78 weeks, semaglutide demonstrated a more significant

more significant with oral

reduction in fasting plasma glucose and body weight:
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30% of the 14 mg group achieved > 5% weight loss by
26 weeks (p < 0.001) compared to 10% with sitagliptin,
and 33% versus 12% by 78 weeks [24].

The PIONEER 4 was the first to compare oral
semaglutide with another GLP-1 receptor agonist,
subcutaneous liraglutide, in patients with type 2 DM
treated with metformin, with or without an SGLT-2
inhibitor (mean age 55 years, Hb, 7.0-9.5%). Dose
escalation was performed in both groups. At 52 weeks,
oral semaglutide showed a greater reduction in Hb,
(-1.6%) compared to liraglutide (-1.1%, p = 0.0002)
and placebo (-0.2%, p < 0.0001). Furthermore, 43%
of patients taking oral semaglutide achieved an Hb,
level of < 6.5%, compared to 33% with liraglutide
(p = 0.0084) and 4% with placebo (p < 0.0001). Oral
semaglutide also led to greater weight loss than
liraglutide or placebo, with 14% and 16% of patients
achieving > 10% weight loss at 26 and 52 weeks,
respectively. Semaglutide showed a more significant
reduction in fasting plasma compared
to placebo (p < 0.0001), although no statistically
significant difference was observed compared to
liraglutide [43].

The PIONEER 5 and PIONEER 6 evaluated the
efficacy of oral semaglutide in patients with type 2 DM

glucose

and renal impairment, and assessed its cardiovascular
safety in patients with type 2 DM with established
cardiovascular disease, chronic kidney disease, or high
cardiovascular risk.

The PIONEER 7 compared the safety and efficacy
of flexible-dose oral semaglutide and sitagliptin in
patients with type 2 DM (Hb,, =7.5-9.5%). The study
included 504 participants randomized to receive either
dose-adjusted oral semaglutide (3 mg, 7 mg, or 14 mg)
or sitagliptin 100 mg. At 52 weeks, 58% of patients in
the semaglutide group achieved an Hb, level of <7 %
compared to 25% in the sitagliptin group (p < 0.0001).
A significantly greater weight loss was observed with
semaglutide, averaging -2.9 kg compared to -0.8 kg
with sitagliptin (p = 0.0065). Fewer patients required
additional therapy with semaglutide (3.2%) compared
(15.9%, p<0.0001).
outperformed sitagliptin in both Hb,,

to sitagliptin Semaglutide

. reduction and
weight loss [44].

The PIONEER 8 evaluated the efficacy, safety, and
tolerability of oral semaglutide (3 mg, 7 mg, 14 mg)
compared to placebo in patients with type 2 DM
stable insulin 26 weeks,

receiving therapy. At

semaglutide significantly reduced Hb,, by -0.6%,
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-0.9%, and -1.3% for the 3 mg, 7 mg, and 14 mg doses,
respectively, compared to -0.1% in the placebo group
(p < 0.0001). A greater proportion of patients achieved
an Hb,, level of < 7% with semaglutide (58.4% at the
14 mg dose) compared to the placebo group (6.8%).
Weight loss was dose-dependent, with a maximum
reduction of -3.7 kg at the 14 mg dose (p < 0.0001).
Symptomatic rescue medication use was less frequent
in the semaglutide groups, and fewer patients required
additional glucose-lowering agents compared to the
placebo group. Additionally, semaglutide improved
fasting lipid profiles and led to a slight increase in heart
rate [45].

The PIONEER 9 evaluated the safety and efficacy
of oral semaglutide versus subcutaneous liraglutide in
Japanese patients with type 2 DM. The study included
243 patients randomized to receive oral semaglutide
(3 mg, 7 mg or 14 mg), liraglutide (0.9 mg), or placebo.
At 26 weeks, oral semaglutide resulted in Hb,
reductions of -1.1%, -1.6%, and -1.8% compared to
-1.4% with liraglutide and -0.4% with placebo. At 52
weeks, an Hb,, level of < 7.0% was achieved by 80%
of patients taking semaglutide 14 mg, compared to
49% with liraglutide. Greater weight loss was observed
with semaglutide 14 mg (-2.8 kg) than with liraglutide
(+0.4 kg) or placebo (-1.0 kg). Heart rate slightly
increased in all GLP-1 receptor agonist groups [46].

In the PIONEER 10, an open-label, 52-week trial
in Japan, oral semaglutide (3 mg, 7 mg, 14 mg) was
compared to subcutaneous dulaglutide (0.75 mg) in
patients with type 2 DM whose blood sugar was not
controlled by a single oral antihyperglycemic agent.
After 52 weeks, semaglutide 14 mg led to a greater
reduction in Hb, ~(-1.8%) compared to dulaglutide
(-1.3%). An Hb, level of < 6.5% was achieved by
21%, 43%, and 58% of patients taking semaglutide
at doses of 3 mg, 7 mg, and 14 mg, respectively,
vs. 41% of patients taking dulaglutide. Semaglutide
14 mg also resulted in greater weight loss (-1.9 kg),
while dulaglutide caused weight gain (+1.1 kg) [47].

The PIONEER 11 evaluated the efficacy and
safety of oral semaglutide versus placebo in a
predominantly Chinese population with type 2 DM
inadequately controlled by diet and exercise alone.
The study was conducted across 52 centers, with 521
participants randomized to receive oral semaglutide
(3 mg, 7 mg and 14 mg) or placebo for 26 weeks. The
and the
secondary endpoint was body weight. Semaglutide

primary endpoint was the change in Hb, ,
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significantly reduced Hb, ~ compared to placebo
for all doses, with reductions ranging from -1.0% to
-1.5% (p <0.001). Weight loss was also significant
for the 7 mg and 14 mg doses. Adverse events,
primarily gastrointestinal, were more frequent in the
semaglutide group but were mostly mild to moderate
in severity. Similar results were observed in the Chinese
subpopulation, which comprised 74.9% of the study
participants [48].

The PIONEER 12 compared oral semaglutide
with sitagliptin in Chinese patients with type 2 DM
inadequately controlled by metformin for 26 weeks.
Oral semaglutide (3 mg, 7 mg, and 14 mg) resulted
in significantly greater reductions in Hb, —and body
weight compared to sitagliptin. Hb,  reductions
were -0.2%, -0.7%, and -1.0% for the semaglutide
doses, while body weight reductions were -0.9 kg,
-2.3 kg, and -3.3 kg. Most AEs with semaglutide were
mild to moderate gastrointestinal disorders. Similar
results were noted in the Chinese subpopulation [49].
However, it is likely that oral semaglutide demonstrated
safety and non-inferior efficacy compared to
subcutaneous semaglutide and other GLP-1 agonists in
clinical trials. As the first oral GLP-1 receptor agonist, it
offers an alternative for patients with type 2 DM who
are apprehensive about injectable medications but
struggle to achieve target Hb,, levels with existing oral
agents.

In summary, the listed studies have demonstrated
the efficacy and safety of oral semaglutide across
diverse patient populations, including those with
type 2 DM and various comorbidities, treatment
regimens, and geographic regions. The SUSTAIN and
PIONEER clinical

trial programs provide extensive

The SUSTAIN studies showed
reductions in

injectable or oral.

significant Hb,,  and weight loss
with notable superiority over references such as
dulaglutide and liraglutide. Semaglutide consistently
outperformed alternative treatments in improving
glycemic control, particularly in patient groups ranging
from those with cardiovascular risk factors to those
on insulin therapy. The PIONEER program further
validated the effectiveness of oral semaglutide,
offering a promising alternative to injectable therapy,
especially for patients unwilling to use injections but
needing to achieve glycemic targets. Both programs
underscore semaglutide’s potential to enhance
treatment adherence, lower Hb,, levels, and promote
weight loss across various patient profiles, thereby
solidifying its role as a key advancement in type 2 DM

management.

Study Limitations

The small sample size, due to the single-center
design of the study, significantly increases the
probability of underestimating the real clinical effect
during the statistical interpretation of the results.
Continuation of this clinical study, as well as conducting
additional clinical and observational studies involving a
larger number of patients and an increased observation
period, will enhance the representativeness of the

results of semaglutide use.

CONCLUSION

Thus, the clinical study conducted confirmed
the bioequivalence and demonstrated a similar
safety profile, including tolerability, of the study
drug Semaltara®, tablets, and the reference

evidence of semaglutide’s efficacy and safety, drug Rybelsus®, tablets, at both 3 mg and 14 mg
regardless of its administration route, whether dosages.
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